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PREFACE. 

** Architects and builders long familiar with the perennial 
' newspaper statement that gas manufacture as an industry is 
I /^in a retrogressive condition, and is doomed to speedy extinc- 
j- ^ tion through the competition of electricity, must credit the 
I ^ expiring industry with an extraordinary degree of vitality 
^ when they take into consideration the provisions they are 
called upon to make in all classes of buildings for the intro- 
duction of gas. 
i Palatial modern hotels illuminated throughout, regardless 
A of cost, with electric light, have to be provided with gas 
^iL services larger and more extensive than those employed 
before the advent of electricity; for where hundreds of cubic 
feet of gas were formerly used for illumination, thousands 
are now consumed for heating purposes. In large city 
restaurants gas-fittings have to be provided to supply numer- 
ous grillers, ovens, and water-heaters, and in both city and 
suburban shops and residences the incandescent gas-light is 
everywhere in demand. In model dwellings and workmen's 
cottages gas is extensively used in conjunction with the 
penny-W'the-slot meter ; and in casual wards, as^Wxcv^, ^t^^ 




■'Other public institutions, the use of gas is rapidly extending 
I for the heating of halls, cooking apphances, and dryii^ 
[■ chambers. In the workshop thousands of small gas-engines 
; now used for driving lathes and circular saws, and the 
use of gas for heating muffle furnaces, and other appliances 
employed In the minor arts and crafts, is daily becoming 
more common. 

I The most recent authoritative account of the present 
condition of the gas industry is that contained in a Paper 
communicated to the Institution of Civil Engineers by Mr, 
il. E. Jones in April, 1901. Referring to the Board of 
Trade returns relating to gas supply in the United Kingdom, 
Mr. Jones points out that "the volume of trade has 
increased by 1 1 J |]er cent, in the past four years ; and if this 
figure is not particularly striking as a simple ratio, it must 

I be remembered that it is calculated upon a basis already so 
large, as compared with any analogous industry, that the 
increase shown, whether considered in money value or in 
volume of production, is fat in excess of what has accrued 
to any competitive system." 
It is evident, therefore, that those who undertake the erec- 
tion of buildings must continue to make themselves familiar 
with the requirements of gas consumers, and should be 
sufficiently acquainted with the properties of the various 
descriptions of gas commonly used for lighting or heating to 
enable them to make provision in any type of building for a 
^^ satisfactory gas supply, and when consulted by their clients 
^b to show that they possess a knowledge of the conditions 
^H necessary for the satisfactory application of gas for all 
^^P ordinary industrial or domestic purposes. 
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consbted of coal-gas alone, but io London and most other 
large towns, as well as in many towns of minor importance, 
a mixture of coal-gas and carburetted water-gas is now 
supplied. This mixture differs from coal-gas in specific 
gravity and composition, requires a different proportion of 
air for its combustion, and should be supplied to the burner 
under a different pressure. In many large factories a low 
grade non-luminous gas known as "power-gas" or "fuel- 
gas" is largely used for driving machinery', and this also 
requires a higher pressure and less air for its combustion 
than either coal-gas or water-gas. 

Within the last six years the use of acetylene, as an 
illuminant and fuel, has become fashionable in country 
mansions, churches, and villages which possess no public 
gas supply, and architects and builders are frequently 
consulted as to its applicability for various purposes, and 
are liable to be called upon to make provision for its 
introduction into widely different classes of buildings. 

In the present volume the methods employed for the 
manufacture of coal-gas, water-gas, power- gas, and acetylene 
are described in general outline, while the properties of the 
different gases, and the conditions under which they are 
consumed with greatest advantage, are discussed in greater 
detail. Reference is made to the new business methods 
adopted by many gas companies, and the offer of some of 
the companies to supply and fix all internal gas-fittings. A 
brief description is given of the work of the Local 
Authorities in making provision for the constant testing 
of the gas supplied to consumers, and in affording facilities 
for the impartial testing of consumers' meters, while the 
Isws of this country relating to the use ot acel^Y^xve^ ^w^Xjcv^ 
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Storage of calcium carbide, are enumerated in ihe concluding 
chapter. 

The author is indebted to Messrs. H. O. Carr, A. M. I. M. E., 
and R. P. Harris, for most of the illustrations, and takes 
this opportunity to also thank those gas-works* managers 
and technical chemists who have supplied him with informa- 
tion upon various subjects. He is also indebted to the 
"Journal of CJas Lighting" and the "Gas World" for 
information obtained from those journals. 
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GAS AND GAS FITTINGS. 



CHAPTER I. 
INTRODUCTION. 

TH£ gas industry was founded by the Scotch engineer, 
William Murdoch, in the last decade of the eighteenth 
ceHtury. Prior to that period no gasworks of any descrip- 
tion existed in any part of the world, although it had long 
been known that inflammable gas could be obtained from 
coSl and certain other substances by distillation, and could 
be led through a pipe and ignited at its open end. 

Claims of priority of discovery of the fact that gas 
obtained by the distillation of coal could be used for lighting 
purposes have been made for certain Continental experi- 
mentalists, but the fact that Murdoch was the first to 
establish gas manufacture as an industry, and the first to 
erect gasworks for lighting purposes on a comparatively 
large scale, is beyond dispute. 

During the nineteenth century the industry rapidly 
developed into one of foremost importance. Gas-producing 
plant was erected in every civilised country, and gas 
securities took rank with those of water and railway under- 
takings. The introduction of electricity and of cheap oil 
caused fluctuations in the value of gas shares, but did not 
cause any diminution in the world's rate of gas production. 
Not only is the consumption of gas at the present time 
greater than at any previous period,- but extensions of 
existing plant are in course of erection in numberless 
districts. At the close of the century 1,614 separate ^as 
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uadertakings were in rxistrnrr in the United Kingdom 
alone, and these collectively mannfaftnred gas at the rate 
of 156,665,269,000 cnbic feet per annum. 

In the early part of the nineteendi centnry all the gas 
undertakings were cootroUed by private owners or by 
companies, but througboot the last half century Local 
Authorities have evinced an increasing desire to obtain 
control of the works supplying gas to their respective 
districts. In spite of the fact that gas properties have 
become so valuable that hi^ prices have always to be paid 
for them, we find on reference to the " * Gas World * Year 
Book'' for the year 1901, that 265 gas undertakings in the 
United Kingdom are already in the hands of the Local 
Authorities, and included in this list of localities supplied 
with municipal gas are the towns of Aberdeen, Belfast, 
Birkenhead, Birmingham, Blackburn, Edinburgh, Leeds, 
Leicester, Nottingham, and Manchester. 

At first gas was manufactured exclusively from coal, and 
was used almost solely for lighting purposes, but as time 
progressed and the art of gas-making was more closely 
studied by chemists and engineers, it was found that 
inflammable gas couJd be economically manufactured from 
a number of other materials, and that illumination was but 
one of a great number of purposes for which gas was 
eminently suited. - Certain Idnds of sawdust and timber 
yield very good gas, and even sewage has its advocates as a 
gas-making material. In certain parts of the world, notably 
in the United States, America, vast subterranean accumula- 
tions of so-cnlled '* natural gas" have been discovered, and 
these have been tapped and distributed in the neighbouring 
towns as a substitute for coal-gas. An accumulation of 
inflammable gas has recently been discovered in this 
country, at Heathfield in Sussex, and th6 gas has been 
employed for lighting the local railway station by the 
incandescent gas-light system. The gas confined in these 
subterranean chambers is, of course, all consumed sooner 
or later, as the formation of gas, if still proceeding, proceeds 
at a very slow rate. Sometimes, however, the quantity of 
natmnl gas discovered is very large, and is sufficient to 
Hupply a toY;n for many years. In tY\e ive\^\io\3L\\voQ^ o"^ 
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coalfields natural gas had been discovered long before 
Murdoch was bom, but no successful attempt had been 
made to utilise it for lighting purposes. During the last 
five years acetylene gas, produced from calcium carbide, has 
also been extensively used, but at the present time the 
only formidable competitors of coal-gas are water-gas and 
the diluted form of water-gas commonly termed " power- 
gas," "fuel-gas" or "producer-gas." 

By blowing steam through strongly-heated coke or other 

form of carbon a non-luminous gas can be manufactured 

which possesses about half the heating value of coal-gas, 

and which can be produced in many localities at much less 

than half the cost. If illuminating gas be required, the 

non-luminous gas can be mixed with oil-gas or enriched in 

some other manner, and thus be made to resemble coal-gas 

^ illuminating power. Carburetted water-gas, as the 

mixture of oil-gas and water-gas is termed, is, however, 

mferior in some respects to coal-gas of equal illuminating 

P^wer. The difference between the two varieties of gas 

will be explained in a succeeding chapter. 

It is obvious that the solution of the question as to 

whether coal-gas, water-gas, or carburetted water-gas is 

^lie most suitable for the supply of a specific district is 

dependent upon the local prices of gas-coal, coke, and oil, 

and upon the purposes for which the main proportion o\ 

the gas is required. In some districts cheap gas of a lou- 

illuminating value is the most suitable ; but in districts in 

which good gas-coal is abundant and cheap, coal-gas of 

comparatively high illuminating value remains the most 

economical supply. 

As coke is one of the residuals obtained from the distil- 
lation of coal, it frequently happens that a mixture of 
coal-gas and carburetted water-gas may be economically 
supplied. As a matter of fact, carburetted water-gas per se 
is very largely used in America, while in London, north of 
the Thames, and in many other British towns, a mixture 
of coal-gas with carburetted water-gas is used. In factories 
where the gas is used for driving engines cheap non- 
luminous fuel-gas is largely used, the consumption of 
Mond gas at the works of Brunner, Mond & Co., in 
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Cheshire, for example, being about a million cubic fe^* 
per hour. 

The manufacture of gas of different composition, specifi- ^ 
gravity, illuminating power, and calorific value in differei^ 
localities has rendered it necessary for a purchaser of ga 
appliances to take into consideration the district in whicf'^ 
the appliances are to be fitted, if they are to be used unde 
the most favourable conditions. The satisfactory use o 
gas is, moreover, made difficult by fluctuations in th 
pressure of the gas supplied. In London the tests made^' 
by the gas examiners appointed by the London Countjr 
C!ouncil show that the pressure in the street mains varies 
from about 1*4 in. to 3*8 in. of water, and in buildings the^ 
pressure sometimes fluctuates to a yet greater extent owing 
to defects in the fitting of the local-service pipes, and the 
height to which the pipes are carried. The pressure in 
buildings in London seldom exceeds 3 J in., but it often 
falls to I in., and at the latter pressure many gas appliances 
fail to work in a satisfactory manner. Gas governors may 
be used to reduce the pressure to any desired point, but are 
useless when trouble is caused by insufficient pressure. 
An *' atmospheric " gas fire which will burn satisfactorily 
with coal-gas supplied at i| in. pressure will not burn so 
well with a mixture of coal-gas and water-gas of the same 
illuminating power supplied at the same pressure, because 
water-gas, whether plain or carburetted, has a higher 
specific gravity than coal-gas, and having a different com- 
position, requires a different proportion of air for its 
combustion. This fact is recognised by some of the gas- 
fire makers, who supply a special fitting for use with 
water-gas mixtures. 

Where gas is supplied of uniform composition and at a 
uniform pressure appliances can readily be devised to 
consume the gas in a satisfactory manner, whatever may 
be its composition or the pressure (above i^ in.), at which 
it is delivered from the mains ; but in London north of 
the Thames, and in certain other localities, much trouble 
has been caused by frequent fluctuations in both composi- 
tion and pressure. 
\ For the incandescent gas-light system non-luminous gas is 
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as serviceaole as illuminating gas, provided it possesses the 
same heating power, and recent experiments by Dr. Strache 
appear to prove that water-gas, having only one-half the 
heating value of coal-gas and quite devoid of illuminating 
po^ver, may be as efficient for lighting purposes by this 
system as the coal-gas. If illuminating gas is to be used 
for incandescent gas lighting, it must be mixed before 
reaching the point of ignition with sufficient air to cause it 
to bum with a non-luminous flame; otherwise the mantle 
^11 become coated with soot and cease to emit light. In 
view of the statement of Mr. George Livesey, Chairman of 
the South Metropolitan Gas Company, that 50 per cent, of 
the gas sold by that company is used for purposes other 
than lighting, and of the fact that throughout the country 
the ratio of gas used for heating to that used for 
%hting (other than incandescent lighting) is already 
^^^ge and is increasing at a rapid rate, it is apparent 
that the commercial value of gas is now dependent upon 
Its Calorific value rather than upon its illuminating power. 
In practical gas manufacture it is found that the higher 
the illuminating power of the gas the greater is its heating 
POAVer; but no inflexible law simultaneously controls the 
tw-o factors, and it is possible to produce two gaseous 
"fixtures, the one giving a non-luminous flame and the 
other a flame having a certain illuminating power, of which 
the non-luminous flame shall be capable of yielding more 
"Sht with the incandescent mantle than the illuminating 
S3-S, It has, moreover, been found that the increase in 
"^«iting power of a so-called " high quality " gas is often 
very far from proportionate to the increase in the cost of 
™^^tiufacture; and in Styria the town of Pettau has been 
^'^lliantly lighted with non-luminous water-gas and incan- 
descent mantles in preference to employing the more 
costly coal-gas. The water-gas is made and purified by 
the "Strache" process, the fuel employed being a low- 
quality brown coal. 

During the last fifteen years the number of purposes to 
which gas has been applied has increased to a remarkable 
extent, and has, of course, been accompanied by a corre- 
sponding increase in the variety of gas appUatvees itv'drvu- 
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factured. The penny-in -the- slot prepayment meter ha^^ 
also been introduced within that period, and has proved so^ 
popular that there are already about 800,000 of them in 
use in the United Kingdom alone. Since the introduction 
of the slot meter the use of the ring burner for boiling 
water has become general in all large towns, even in the 
workman's tenement or cottage, and prepayment gas fires 
have become extensively employed for hotel bedrooms. 

These facts sufficiently indicate the importance to all gas 
consumers, and especially to students of building con- 
struction, of a knowledge of what is being done at our 
great gas factories, of the facilities which exist for using 
gas for domestic purposes and in the various arts and 
crafts, and of the concessions which are now being granted 
by many gas companies, under the spur of competition, 
and in recognition of the more extensive requirements of 
gas consumers of the present day. In the present volume 
these matters are discussed, and a description is given of 
modern burners and various appliances for the use of gas, 
while the concluding chapters are devoted to acetylene 
gas and the apparatus employed for its generation and 
consumption. 

Much has yet to be discovered before the highest possible 
efficiency in light, heat, or power can be obtained from 
inflammable gas, but a large number of the complaints 
which from time to time are made against the public gas 
supply are due to ignorance, and result either from misuse of 
the gas or from its avoidable deterioration after manufacture. 
Sometimes the gas manufacturer is at fault ; but more 
frequently the consumer, who consumes the gas in unsuit- 
able burners, or the architect who approved the internal 
fittings of the building and the contractor who supplied 
them, are really responsible for the fact that the gas fails to 
perform its legitimate duties. The causes which lead to 
many of these complaints, and the precautions which must 
be observed in order to obtain satisfactory results from the 
gas, are discussed in subsequent chapters. 



MANUFACTURE OF COAL-GAS. 



CHAPTER II. 
MANUFACTURE OF COAL GAS. 

Murdoch made his earliest experiments with gas as an 
illuminant in 1792 at Redruth, in Cornwall, and subse- 
quently at Old Cumnock, in Ayrshire, the place of his 
birth. But it was after his removal to the works of Boul - 
ton, Watt & Co., at Soho, near Birmingham, in 1798, that 
his most important work in gas-lighting was carried out. 
Atthe Soho works he collaborated more or less with James 
Watt, of steam-engine fame, and was allowed to erect a gas- 
making plant, which satisfactorily supplied a portion of the 
works of this celebrated firm with the new illuminant. 

The early history of the gas industry is replete with 
interest and not devoid of humour, for many of the sensa- 
tional claims made for gas by a popular lecturer and com- 
pany promoter of the period named Winsor, and by other 
enthusiasts less cautious than the industrious Murdoch, 
appear very ludicrous in the light of present knowledge 
regarding the properties of coal-gas. It is interesting to 
observe that before inflammable gas was successfully em- 
ployed for lighting purposes, efforts had been made to use 
it as a source of power. In 1801 Philipe Lebon, a French 
experimenter, in amending his patent of 1799, claimed the 
use of motive power obtained by the explosion of inflam- 
mable gas mixed with air ; and in this country, as early as 
the year 1791, John Barber obtained a patent for *'a 
method of using inflammable air for ihe purposes of pro- 
curing motion and facilitating metallurgical operations," 
which consisted partly in successively exploding mixtures 
of air and coal-gas. It is, however, necessary to here con- 
fine our attention to the study of the gas industry as it exists 
at the present time, and those desirous of tracing its 
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di'vclopment during the nineteenth century will find the 
subject exhaustively treated in King's ** Treatise on Coal- 
Gas." 

Although inflammable gas may be manufactured from so 
many different carbonaceous substances, coal is still more 
extensively employed than any other material for the put- 
pose of gas manufacture. 

Coal. — The coals most largely employed in this country 
for gas manufacture are the bituminous coals of DurhaiJ^ 
and the neighbouring counties. The cannel coals o* 
Scotland, Wales, and Northumberland yield the largest 
volume of gas, and the gas is of the best quality. At oi*^ 
time it was the common practice to mix a certain propo^' 
tion of cannel with the bituminous coal in order to proda^^ 
a gas of higher illuminating power than could be obtain ^^ 
from tlie bituminous coal alone, but about ten or twel**^^ 
years a^o tlie quantity of available cannel coal became ^^ 
small, and its price so high, that it ceased to be used C*-^ 
any lar^c extent in the southern counties of England, aii^ 
tlic carburetted water-gas which was then introduced as 
substitute for gas from cannel coal is now being used nc^ 
merely as an enriching agent, but to a certain extent i 
many districts as a substitute for ordinary coal-gas itself^ 
Antliracite and the various classes of steam coal are noC^ 
used for coal-gas manufacture, because they yield very^ 
little gas, and are valuable for steam-raising purposes. 

The quality and quantity of the gas yielded even by 
coals of the same class vary considerably, but as an 
indication of the results commonly obtained it may be said 
that ordinary bituminous coal should yield not less than 
10,000 cubic feet of 15-candle gas per ton, while cannel 
should yield not less than 11,000 cubic feet of 28 or 30- 
candle gas. 

Coke. — The average yield of coke from ordinary gas- 
coal is 1,360 lbs. per ton. The coke should be of good 
quality and not yield more than about 4 per cent, of ash 
when burnt, although it not infrequently amounts to 8 or 
even 10 per cent. The average yield of coke from cannel 
coal is somewhat less, and, owing to the large quantity of 
ash it yields, the coke has no commercial value. 



MANUFACTURE OF COAL-GAS. 

Retorts. — To obtain coal-gas from coal the co»I Is4 
placed in cylindrical chambers called " relorta," from which J 
air is excluded, and which are heated lo redness i 




furnace. At first the retorts were made of cast-iron aod 
were placed in a vertical position, but they are now almost 




"''E a -" Through " Retoris in RegeDemlive Setting ; sWing (A) ViiattM^ 
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universally made of fireclay and fitted either in a hori; 
I>osition or inclined at an angle of 30 to 33 d^. 

The retorts may be round, oval, or Q-shaped in 
section, the latter shape being the most common, 
internal diameter of the retort is usually about ai in. 
15 in. The length of a ''single" retort is 10 ft., \^ile 
length of a ** through " retort, having a mouthpiece at 
ends, is 20 f\. The retorts now commonly used may 
divided into three classes — 

( 1 ) Singles, or retorts having only one mouthpiece ; 

(2) Doubles, or ''through" retorts, having a mouthpii 

at both ends ; 

(3) Inclined retorts, in which the coal is introduced 

the upper end and the coke withdrawn from 

lower. 
Retorts with one mouthpiece only (fig. i) are now 
used except in small gasworks. The coal is introduced 
one end only, the opposite end being closed with a 
back. In large works, " through " retorts (fig. 2) 
usually employed. These are double the length of 
called "single" retorts, and are usually made in 
pieces, jointed together. A mouthpiece is provided at 
end of the retort, and coal is simultaneously introdi 
through each mouthpiece. Each mouthpiece is proi 
with a gas-tight lid or door. Inclined retorts or " sloj 
(fig. 3) are usually Q-shaped and either 15 ft. or 20 ft. 
length. The angle of inclination is about 32 deg. 
coal is fed into the upper end of the retort and distribul 
itself by gravitation over the inclined floor ; and when thff* 
distillation is completed the coke is allowed to slip out from 
the lower end, the coke being stirred, if necessary, with a 
long rake. Inclined retorts may be charged and "drawn" 
with much less expenditure of labour than horizontal 
retorts, and when the coal to be carbonised is of uniform 
quality they may be used with success. When, however, 
the coal to be used varies greatly in quality and specific 
gravity, trouble is often caused by the coal failing to spread 
itself properly over the floor of the retort, and imperfect 
carbonisation, resulting in excessive agglomeration of the 
pieces of coke and a low yield of gas, occurs. To break 
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tiie force of the stream of coal as it is shot into the inclined 
retort, baffle plates have in some cases been adopted, and 
other devices have been proposed to make inclined retorts 
a greater practical success. Many gas engineers are now 
using them in great number without baffle plates and with 
good results, while others claim that for ordinary working 
cooditions the horizontal retorts remain the better form. 

Retort Settings. — The retorts are set in brickwork 
having joints made with fireclay mortar. A number of 
retorts are grouped together over one furnace, and form a 
"bed" The number set in one bed varies in different 
works from three to twelve, but seven or nine laid in three 
tiers is the number most commonly adopted. The retorts 
are. supported by the front walls of the bed, and by a num- 
ber of walls erected within the setting. A number of beds 
built side by side in one block form a ** bench ** of retorts. 
Heating the Retorts. — ^The retorts may be heated by 
direct firing from beneath, but this method of heating 
is rapidly being superseded by the so-called regenerative 
system. By the regenerative system the retorts are more 
uniformly heated and their life is prolonged, while a higher 
heat efficiency is obtained from the fuel consumed. The 
regenerative system consists essentially in the conversion of 
the solid fuel into inflammable gas, the combustion of this 
inflammable gas in the chamber or furnace in which the 
retorts are fitted, and the utilisation of the heat of the pro- 
ducts of this combustion as they leave the furnace for 
heating the air (called the secondary air) admitted to the 
furnace for the purposes of combustion. The generator in 
which the solid fuel is converted into gaseous fuel is usually 
situated beneath the charging floor of the retort-house. It 
is filled with coke heated to incandescence, and a carefully 
regulated current of air (termed the primary air) is allowed 
to pass up through it. In some cases the current of 
primary air is heated by the waste heat of the furnace 
before it is admitted to the generator. The carbon of the 
coke combines with the oxygen of the air to form the 
inflammable gas, carbon monoxide. This carbon monoxide 
together with the nitrogen of the air admitted passes from 
the upper part of the generator into the overhead furnace 
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: r. -arhich th ; retorts arc kxatnL Here the carbon monc 
seeling with bx stcooduy air bums to carbon die 
•A-iih ir:c cv>:jii>!s of heat, which maintains the retort 
the required temperature. 

The ioflaniinable gas from the generator should cot 
about 3c per ce::t. of carbon monoxide; the remaindc 
the gas is mainly atmospheric nitrogen which wiU 
bum, and which acts solely as a diluent which absd 
heat from the flame of the carbon monoxide. A s: 
proportion of carbon dioxide is also always present in 
generator gas owing to the imperfect control of the reac 
between the oxygen and the heated coke; and si 
quantities of hydn^en and methane are usually pre 
owing to the decomp>osition in the generator of a cei 
quantity of steam from the ashpans beneath the genen 
The products of combustion which escape from the fun 
flues to the main flue and thence to the shaft w 
terminates above the roof of the retort-house, sh 
consist almost wholly of nitrogen and carbon dioi 
The channels which admit the secondary air to 
furnaces are formed in close proximity to the furnace fl 
so that the escaping products of combustion serve to 
the incoming air before they escape into the atmospl 
Sometimes the blue flame produced by carbon mono 
when it bums to carbon dioxide may be seen at the tc 
the shaft of the retort-house. The presence of this fl 
«hows that the current of secondary air admitted to 
furnaces is not being properly regulated, and that the w 
of thf* heat obtainable from the generator gas is not b 
utiliMcd in the furnaces. 

Ashpans. — A pan containing water is placed ui 
the furnace bars of each generator. The heat from 
ln<:ande«ccnt fuel and from the falling cinders vaporis« 
crrtiiln quantity of the water, and the steam passing 
throUK^i the furnace bars tends to keep them cool an< 
rcitMi'ci tluj rule at which they wear away. 

Charging and Drawing. — When the retorts 

I'har^d by nand the coal is either introduced with 
Aid of tho nhovel, or \n placed in a long semi-circular so 
Imvhllt « ««pncity of about i^ cwt. of coal. Three i 
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the scoop and thrust it into the retort, the man having 

of the handle at the back of the scoop turns the 

Koop round and then withdraws it A second scoop- 

dttige is immediately added through the same mouthpiece. 

K "through" retorts are employed, another gang of men 

amnltaneously charge the opposite end of the retort, for 

tK scoops extend only to one-half the length of the retort. 

Consequently the charge taken by each " through ** retort 

ii about 6 cwt., or 3 cwt. per mouthpiece. Immediately 

Ae charging is completed the mouthpieces are closed. 

After the coal has been in the retort for four, five, or six 

boars, as the case may be, the mouthpieces arc again 

opened, and the residue in the form of coke is withdrawn 

fcy means of a long-handled rake. The red-hot coke is 

cooled with the aid of water, or is taken in its hot condition 

to feed the generators. The charging and drawing is now 

commonly performed by machinery, instead of by manual 

Uiour. 

Retort Carbon, — Some of the hydrocarbons evolved 
from the coal under the influence of heat are decomposed 
before they can escape from the retort, and a hard, dense 
deposit of carbon, known as •* retort carbon" or "scurf," 
accumulates on the sides of the retorts. The deposit 
forms less rapidly when there is a slight vacuum in the 
retorts instead of a slight pressure. By the use of an 
"exhauster" the gas pressure in the retorts can be 
maintained approximately at atmospheric pressure, but the 
variations in the rate at which the gas is expelled from the 
coal render fluctuations unavoidable. When the deposit 
has attained a thickness of one or two inches it must be 
removed, as it lessens the capacity of tlic retort and 
diminishes its heat conductivity. It is usually removed 
with the aid of chisel bars. 

Clinker. — "Clinker*' is produced by the partial fusing 
of the mineral matter left as ash from the fuel upon the 
heated fire-bricks, a kind of slag being formed. This 
clinker is extensively used for **rockwork" in ferneries and 
for garden purposes. The fire-brick rubbish, together with 
the clinker, is sometimes pulverised and mixed with sand 
or sharp grit and used in concrete. 
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Ascension-pipes. — ^The gas and vapour expelled from 
the coal in the retorts passes up a vertical pipe, called an 
ascension-pipe, which rises from each mouthpiece to a short 
distance above the retort stack. The ascension-pipes 
usually have an internal diameter of about 5 in. 

Bridge-pipes and Dip-pipes. — ^The upper end of 

each ascension- pipe is joined to a short bridge-pipe which 
extends horizontally back towards the retorts, llie other 
end of each bridge-pipe is connected to a short dip-pipe 
which extends vertically downwards into the hydraulic 
main, where it terminates in an open end dipping just 
below the surface of the liquid in the main. 

Hydraulic Main and Foul Main. — ThehydrauHc 
main is a pipe not less than 18 ins. in diameter. It may 
be Q -shaped, square, oblong, or round in cross section, 
and is preferably constructed of mild steel plates. The 
hydraulic main is frequently supported on standards placed 
on top of the retort bench. All the dip-pipes' along 
one side of the bed dip into the same main, being sealed by 
the liquid, which is maintained at a constant level in the 
main. The gas as it enters the hydraulic main is laden 
with tarry matter in the form of fine spray, which gives it 
the appearance of a brown vapour, but the greater portion 
of the tar condenses out before the gas leaves the main. 
The tar sinks to the bottom of the main and is covered 
^\'ith an aqueous ammoniacal liquid, which also is condensed 
from the gas coming from the retorts. Frequently a second 
large main called the " foul main," which runs the whole 
length of the retort-house, is provided at the back of the 
hydraulic main, and the gas leaving the hydraulic main 
passes into the foul main. 
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CHAPTER III- 
PURIFICATION OF COAL-GAS. 

Condensers. — ^The temperature of the gas as it leaves the 
main is usually about 130 deg. Fahr., or as it leaves the 
foul main about 125 deg. Fahr., and in order to cool 
it to atmospheric temperature the gas is led from the foul 
main through the condensers. These may be vertical or 
nearly horizontal (fig. 4) pipes. They are exposed to the 
(xpen air, and if of the horizontal form, may be cooled in 
hot weather by being sprinkled with water. The con- 
densers in use vary greatly in size and form, but are all 
provided with means for drawing oft' the tar and ammo- 
niacal liquor which condenses in them. No attempt is 
made to cool the gas below the atmospheric temperature. 

Exhausters. — ^The gas leaving the condensers usually 
passes next to an exhauster. The exhauster is a descrip- 
tion of pump which draws the gas (through the hydraulic 
main and condensers) from the retorts and prevents the 
gas from accumulating under pressure in them ; while the 
gas, as it passes through the exhauster, is so compressed 
that it issues from the outlet at a pressure sufficient to 
enable it to force its way through the washing and purifying 
apparatus and station meter, and to lift the bell of the 
J gasholder. 

Washers and Scrubbers. — After removing the con- 
densable matter from the gas by passing it through the 
<^ohdensers, the gas as it leaves the exhauster is led to the 
washers and scrubbers, where it is washed and scrubbed in 
order to remove, as far as practicable, all the soluble 
-impurities, 
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The term " washer " is usually applied to a rect 
tank in which the gas bubbles through the liquid 
agent, while the term " scrubber " is applied to the 
tower in which the gas filters through a bed of i 
having its surfaces maintained in a moist conditioi 
term "washer-scrubber" is applied to an appai 
which both washing and scrubbing are effected. Tl 
terms are, however, sometimes used indiscriminate! 
In the washers the gas is washed in the amr 
liquor obtained from the hydraulic main and conder 
this liquor may be made to retain a further quantit 
impurities remaining in the gas. To this liquor 
added the weakest liquor from the scrubbers. The 
used in many works are rectangular tanks fitted 
number of perforated trays immersed in the amr 
liquid. The volume of gas is broken by being 2 
through perforated tubes and by contact with the tr; 
rises in small bubbles through the liquor. In the 
the remaining portion of tar is extracted from 1 
hence the washers are sometimes termed " tar exti 
In other cases a specially constructed "tar extra 
put in action before the washers. From the was) 
gas passes to the scrubbers, where with the aid < 
ammoniacal liquor, and finally of clean water, the a 
still remaining in the gas, together with a quantity 
soluble impurities, is removed. 

The scrubber towers (fig. 5) are usually filled \^ 
or with wooden grids, through which water is all 
trickle. The gas flowing upwards meets the dei 
water and parts with its ammonia. In more 
scrubbing appliances circular brushes or a series 
forated discs attached to a central shaft are made tc 
at a slow speed and cause the water to come into 
contact with the gas. The object of all wash 
scrubbing devices is to remove the ammonia fron 
with the use of as little water as possible, for the 
the quantity of ammonia in the " gas liquor " obta 
greater is its value for the purpose of manul 
sulphate of ammonia. 

Purifiers. — After leaving the scrubbers the 




Fig. 6.— Sectioi 
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contaias a certain quantity of sulphuretted hydrogen, carbon 
dioxide, and carbon bisulphide, which should be removed. 

The carbon dioxide (commonly called carbonic acid) is 
abstracted by passing the gas through slaked lime, carbonate 
w lime being formed (fig. 6). The sulphuretted hydrogen 
^ay also be removed by slaked lime, but the sulphur in the 
lime compound produced cannot readily be recovered, and 
fl^e compound itself possesses such an obnoxious odour that 
^fs production in large quantity in any residential neighbour- 
hood is liable to be resented. The sulphuretted hydrogen 
1^ therefore now usually removed by passing it through 
'^ydrated oxide of iron to which sawdust has been added to 
''Gncier the oxide more porous. The sulphide of iron 
^''^duced is decomposed when allowed contact with air into 
^^ide of iron and free sulphur, and before being permanently 
H^t out of action the oxide is several times turned out of 
. ^ purifiers and exposed to the atmosphere for revivifica- 
^ '^ti. The free sulphur can be employed without difficulty 
^ the manufacture of sulphuric acid, and is therefore a 
.^^idual of considerable value. The " spent oxide,*' as it 
.* called, has also the advantage of emitting a less objec- 
^nable odour than lime which has been saturated with 
^Iphuretted hydrogen. 
• The carbon bisulphide has no affinity for slaked lime, 
^Vit slaked lime which has been saturated with sulphuretted 
f^i^drogen readily abstracts it from the gas. The carbon 
bisulphide is therefore removed by passing it through lime 
^hich has been " sulphided " on the works. 

The scheme usually adopted for the dry purification is 
^lie following : — ^The gas from the scrubbers enters a set of 
Purifiers containing slaked lime spread in layers upon 
\vooden grids. The carbon dioxide and the sulphuretted 
hydrogen are at first both abstracted by the lime, a mixture 
of carbonate of lime and hydroxyhydrosulphide of lime 
being formed. But carbon dioxide is able to decompose 
hydroxyhydrosulphide of lime [CaOHSH], driving out 
the sulphuretted hydrogen and itself combining with 
the lime to form carbonate of lime. When, therefore, 
the gas containing both carbon dioxide and sulphuretted 
hydrogen does not meet with sufficient free slaked lime 
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to readily satisfy all the carbon dioxide, the carbon 
%|ioxide begins to attack that portion of the lime which 
has been combining with the sulphuretted hydrogen, 
and turning out the sulphuretted hydrogen, sends that 
impurity forward again with the gas, and itself combines 
with the lime. The carbon dioxide is therefore retained in 
the first set of lime purifiers, while the gas still containing 
sulphuretted hydrogen, but not carbon dioxide, passes for- 
ward to a second set of lime purifiers. Here the sulphur- 
etted hydrogen is able to combine with the lime undisturbed 
by the presence of carbon dioxide. When the second set 
of purifiers is sufficiently charged with sulphuretted hydro- 
gen these purifiers are employed to purify the gas from 
carbon bisulphide, while the sulphuretted hydrogen which 
still continues to come forward is removed by passing the 
gas through a third set of purifiers containing hydrated 
oxide of iron. In some cases, after the sulphide purifiers 
have been prepared, the purifiers containing oxide of iron 
are brought into action between the carbonic acid purifiers 
and the " sulphide " vessels, so that the gas passes first 
through the lime purifiers, which remove the carbon dioxide, 
then through the oxide of iron purifiers, which remove the 
sulphuretted hydrogen, next through the sulphide purifiers, 
which remove the bisulphide of carbon, and finally, through 
another oxide of iron purifier, termed "the check box," 
which removes the small quantity of sulphuretted hydrogen 
which is evolved from the sulphide purifiers. 

System of connecting Purifiers. — ^To enable the 

gas to be sent in any necessary order of rotation through 
the purifiers, and to enable any purifier to be disconnected 
from the other purifiers in a set without putting the whole 
set out of action, by-pass pipes have to be provided as shown 
in fig. 6a. The illustration shows the connections for a set 
of three lime purifiers, Nos. i, 2, and 3, and it will be seen 
^Jjai^^*"^' ^he arrangement of pipes and valves there figured 
(le to send the gas in the order of rotation Nos. r, 
3, I, 2, or to cut oft No. 2 for recharging, and 
[as to be purified by passage through No. i 
[y number of purifiers may be placed in a 
gas may be passed through any number of 
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Many years ago 
" mijk of lime '' was 
used for gas purifi- 
calion, and the waste 
product acquired 
great notoriety under 
the name of " Blue 

its horrible odour. 
Owing partly to the 
difficulty of disfwsing 
of the waste material, 
the liquid paste has 
long been superseded 
by ihe comparatively 
dry hydrate of lime, 
which when "spent" 
has a somewhat less 
foul odour, and can 
be reburnt on the 
works and used again 
for purification, or, 
after long exposure to 
the air, can be carted 
away for agricultural 
purposes without 
attracting undue at- 
tention by its perfume. 
Many gas 
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hydrogen, and consequently this impurity is, as a rule, 
removed as completely as possible. The carbon dioxide 
is also usually more or less completely removed, because 
it prejudicially affects the illuminating power of the gas. 
One per cent, of carbon dioxide in the gas reduces its 
illuminating power about 4 per cent. 

Mixing Air with the Gas, — ^When consumers of 
gas make the discovery that air is being deliberately added 
to the gas passing into the purifiers, they in many cases 
imagine that the air is being added to serve as an adulterant 
Now the presence of i per cent, of air in the purified gas 
diminishes its illuminating power by about 6 per cent, 
4 per cent of air reduces the illuminating power 25 per 
cent, and 45 per cent, of air causes the gas to burn with a 
non-luminous flame. It is evident, therefore, that air can- 
not in practice be used as an adulterant, for its presence in 
any appreciable quantity would be at once apparent even tc 
the untrained eye when the gas was used as an illuminant 

The fact is that a quantity of air not exceeding 3 pei 
cent, of the gas purified is in some works let into the 
purifiers to oxidise the sulphur compounds of lime or iron 
which are formed there, but the atmospheric oxygen is al! 
abstracted by the material in the purifiers before the gas 
passes from them. The atmospheric nitrogen passes for- 
ward with the gas, but is too small in quantity to exerl 
much influence. Usually the proportion of air admittec 
is limited to a maximum of i^ per cent 

In oxide of iron purifiers the oxygen of the air attacks 
the sulphide of iron formed by the action of the sulphurettec 
hydrogen on the iron oxide, and re-converts it into oxide 
of iron, while the sulphur displaced by the oxygen is founc 
in a free state mixed with the oxide. The admission o: 
air makes it possible to use the oxide for a longer perioc 
before it is necessary to turn it out and expose it to the 
atmosphere for more complete revivification. In fact, the 
oxide need not be revivified in the open air until some 
25 per cent, of its weight consists of free sulphur. The 
use of air in the purifiers also diminishes the odour emittec 
by the spent material when first exposed to the open air. 

In lime purifiers air is often admitted when an alternative 
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scheme to that described is adopted for purification from 
sulphur compounds. About i^ per cent, of air is admitted 
to partially sulphided lime purifiers, the oxygen oxidises 
the sulphur compounds of lime, and free sulphur of\en 
amounting to lo per cent, is found in the spent lime. 
Spent lime from purifiers to which air has been admitted 
creates less nuisance than spent lime from §ulphide purifiers 
from which air has been excluded. 

Other schemes and other substances have been adopted 
for gas purification, but lime and hydrated oxide of iron 
used in a manner more or less approximating to the system 
here delineated are employed more extensively than any 
other materials. 
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CHAPTER IV. 

STATION METERS, GASHOLDERS, 
STATION GOVERNORS, DISTRIBUTIOl 

Station Meters. — The gas leaving the purifiers usual 
passes next to the " station " or ** works " meter (fig. 7)^ 
order that the total quantity of gas made may be ascertaim 
and recorded. The meter case is usually rectangular fc 
large meters and cylindrical for those of smaller capacit 
Sometimes a separate meter is provided for each ret( 
house. The station meter is always one of the variel 
known as " wet " meters, in which a drum revolves in 
chamber partly filled with water. The drum has three 
four internal compartments of equal capacity. 

The meter is filled with water to a level a little high< 
than the axle on which the drum revolves. The gas enterin| 
one of the chambers causes it to slowly revolve. As the 
chamber becomes filled with gas its inlet passes beneath 
the water level, and the inlet to the next chamber at the 
same time rises above the water level, and allows gas to 
enter and continue the revolving motion of the drum. The 
capacity of the chambers of the drum is dependent on the 
level of the water ; when the water level is too low the 
gas capacity of each chamber is increased, and the meter 
registers a smaller quantity of gas than has in reality passed 
through it, and when the water level is too high the gas 
capacity of each chamber is decreased and the meter indi- 
cates a larger consumption than the correct amount. It is 
necessary therefore to maintain the water at a constant 
level, and this is accomplished by supplying the meter with 
a small but continuous stream of water, and a siphon over- 
flow which prevents the water from rising above the propei 
water line. 
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GASHOLDERS. 3 1 

Gasholders. — From the station meter the gas passes 
into the gasholder (fig. 8). The gasholder is often called a 
"gasometer" by those not connected with gas undertakings, 
but the term has long been discarded by gas engineers. 
The gasholder still remains a gasometer, inasmuch as it is 
p>ossib]e to estimate roughly the quantity of gas in the gas- 
holder by counting the number of riveted plates (of known 
dimensions) in a vertical line above the water level in the 
tank. From the height of the holder above the water, and 
from its diameter, it is easy to calculate the contents of the 
holder; but the introduction of the station meter has 
rendered the use of the gasholder as a meter unnecessary. 
The gasholder consists of a cylindrical bell which is free to 
rise and fall in a tank containing water. It is maintained 
in equilibrium by suitable supports, and has its lower end, 
which is open, always immersed beneath the surface of the 
water. The holder may be single or telescopic, the bell 
which contains the gas being technically known as a " lift." 
A telescopic holder may have several lifts, but the dome of 
the top lift serves for all the other lifts, which are merely 
telescopic cylinders. In a telescopic holder the lower edge 
of the smaller upper lift is turned outwards and upwards 
to form an annular trough or ** cup," which is filled with 
water and which receives the turned-over upper edge of the 
large cylinder. A gas-tight seal is produced, and when the 
inner cylinder is filled with gas and continues to rise, its 
cup is caught by the turned-over edge ofthe lower and outer 
cylinder, which is then drawn up out of the water tank 
without breaking the water seal in the cup. The pressure 
on the gas within the bolder may be as great as 1 2 in. of 
water, but varies with the weight of the holder. 

The largest gasholder in the world is that erected by 
Mr. Livesey, at the East Greenwich works of the South 
Metropolitan Company. This holder has six lifts, is 300 ft. 
in diameter, rises when filled to a height of 180 ft., and 
has a capacity of 12 million cubic feet. The two topmost 
lifts ascend above the top of the framing. 

The gasholder tank is usually a circular excavation 
walled with concrete, brick, or stone ; a circular or conical 
mound termed the "dumpling" or "cone," being commonly 
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led in the centre of the tank. Modem gasholder tauks 
are sometimes constructed in steel and built above ground. 
Leakages in such tanks are more readily stopped than in 
those of brick or concrete. Steel tanks are, in some case^ 
cheaper than brick or concrete tanks, and are said to be 
almost as durable, but the selection of a material for tank 
construction must be governed by the relative prices of 
steel, brick, and cement 

Station Goveroor. —After leaving the gasholder ttie 
gas passes to the station goveroor {fig. 9), which enables tlw 
pressure of gas 
passing forwani 
to be reduced airi 
regulated to any 
desired point 
The governor 
most commonly 
employed con- 
sists of a cast- 
iron* water tank, 
through the bot- 
tom of which the 
gas from the gas- 
holder is con- 
ducted up by a 
pipe which ter- 
minates in an 
open end just 
above the surface 
of the water. 
Within the tank 
is a floating bell 
which covers the 
gas inlet and out- 
let pipes, and 
from the crown 
of which a coni- 
cal or parabolic 
valve with its 
apex upwarils is 




Fig. 9. — Station Governor. 



DISCHARGE OF GAS THROUGH PIPES. 



Diameter of Pipt i in. 



35 



\ 



Length of pipe in yards 



lO 



Cubic feet of gas delivered under initial 

pressure of I in. .. 675 

Cubic feet of gas delivered under initial 

pressure of I '2 in 738 



23 



30 



50 



476 

522 



389 i 3o» 



I 



427 



329 



Diameter of Pipe 36 in. 



Length of pipe in yards ... 



1,000 



5,000 



Cubic feet of gas delivered under 

initial pressure of i in. ... 530,000 

Cubic feet of gas delivered under 

initial pressure of 2 in. ... 741,300 



234,000 
332.300 



10,000 



166,000 
234,000 



In practice, however, the actual discharge is considerably 
less than the theoretical quantity, especially in the case of 
small pipes. The smaller the pipe the greater the friction 
per unit of gas delivered. Hurst gives a table based on 
actual experiments showing the gas (sp. gr. not quoted) 
discharged through small service pipes of various lengths, 
from which the following are taken : — 



Diameter of Pipe i in. 








Length of pipe in yards 10 


20 

233 
260 


30 

190 
212 


50 


Cubic feft of gas delivered under initial 

pressure of i in 337 

Cubic feet of gas delivered under itiitial 

pressure of I i in 368 


148 
164 



It will be seen that the discharge of gas obtained at the 
burners from small service pipes is only about one-half the 
voluTie that should, according to Pole's formula, pass 
through the pipes if perfectly straight and horizontal. 
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Even for larger pipes the volumes of gas discharged 
quoted by Hurst are much smaller than those given by 
Newbigging, as will be seen from the following comparative 
figures : — 

Diameter of Pipe 12 in. 



Length of pipe in yards 500 



Cubic feet of gas delivered under initial pressure of 

I in. (Hurst) 33.255 

Cubic feet of gas delivered under initial pressure of 

1 in. (Newbiggin^) 47i433 

Cubic feet of gas delivered under initial pres.ure of 

2 in. (Hurst) 47»030 

Cubic feet of gas delivered under initial pressure of 

2 in. (Newbigging) 67,262 



1,000 



23,515 
33,631 

33,25s 
47,433 



tX 



In practice it is better to adopt the figures quoted by Hurst, 
for the introduction of angles and curves in the pipes, and 
the accumulation in them of liquid or solid matter, tends to 
diminish their delivering capacity. The smaller the pipes 
the . greater their liability to become blocked with naphtha- 
lene, tarry matter, rust, or water. The present tendency 
in gas supply is to distribute it at a considerably greater 

r pressure than i in. The delivering capacities of the pipes 
vary approximately directly as the square root of the 

1 pressure and inversely as the square root of the length. 

\ If the pressure is increased four times the volume of gas 
delivered is doubled. If the length of pipe is increased 
four times the quantity of gas delivered is halved. 

Main-service Pipes. — ^The main-service pipes should 
be of wrought iron, unless the employment of this material 
be prohibited by the corrosive action of the soil. Cast-iron 
pipes are often used, but are apt to have leaky joints, and 
lead pipes are apt to become distorted owing to subsidence 
^^f the ground in which they are buried. The diameter of 
1 /^\ service-pipe required is dependent upon the description 
^t^"^ number of the appliances to be supplied. It is usual 
sides of*^^ ^^^ ^^^^ burner requires 5 cubic feet of gas per 
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hour, but as most coasumers use a large proportion of the 
gas consumed for purposes other than lighting, this rule is 
now of little service. Domestic gas fires commonly con- 
sume over 30 cubic feet per hour, ring burners from 12 to 
15 cubic feet, while cookers and water heaters use an 
indefinite quantity but require a comparatively large volume 
for a short period. The capacity of the pi|>es required 
should not be calculated upon the average hourly consump- 
tion, but upon the consumption when every gas-consuming 
appliance in the building is in use at the same moment, and 
at the lowest pressure permitted by Act of Parliament. As 
a rule, the gas manufacturer provides and fits the main 
service-pipe and meter; and, owing to the comparatively 
heavy cost of pipes of large diameter, frequently supplies a 
pipe barely large enough for the duty required from it when 
the gas is first connected to the building, and as addi- 
tional fires and stoves are usually introduced from time to 
time after the service-pipe has been laid, it frequently 
happens that the pipe is not sufficiently large for the work 
it is expected to perform. The consumer obtains a very 
low efficiency in light or heat per unit of gas consumed, and 
naturally concludes that the manufacturer is supplying 
'' bad gas," and regards it as an additional injury that just 
at the time he most urgently needs an ample supply 
(as on a cold, foggy day) his gas flames assume their worst 
appearance, owing to the fact that his neighbours are 
simultaneously drawing upon the supply as largely as 
possible. The fact that the gas bill is a little less heavy 
does not in any way compensate for the fact that the gas 
fails to perform its legitimate duties. 
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CHAPTER V. 

WATER-GAS ; OARBURETTED WATER- 
GAS; PRODUCER-GAS. 

/ Water-gas is produced by passing steam through incan- 
; descent coke. The oxygen of the water vapour unites with 
the carbon of the coke to form the inflammable gas, carbon 
monoxide, while the hydrogen of the water vapour is left 
. in an uncombined condition. Water-gas therefore consists 
essentially of a mixture of the two inflammable gases, 
carbon monoxide and hydrogen ; it contains other gases in 
small quantities, but the whole of these should never 
amount to 10 per cent, of the total volume of the gas. 

Water-gas has no odour, and burns with a non-luminous 
flame, while its heating power is about one-half that of 
coal-gas. It is sometimes called "blue water-gas" to 
distinguish it from carburetted water-gas which burns with 
a bright luminous flame instead of with the blue non- 
luminous flame of plain water-gas. Water-gas is more 
poisonous than coal-gas because it contains a larger pro- 
portion of carbon monoxide,^ the most poisonous constituent 
present in appreciable quantity in coal-gas. To diminish 
the danger attendant upon the use of a poisonous gas 
devoid of odour, the water-gas when used alone is usually 
impregnated with mercaptan or carbyalmine, very small 
quantities of which will give a penetrating odour to large 
volumes of the gas. 

Carburetted Water-Gas is a mixture of water-gas 
with oil-gas. The water-gas is passed through the heated 
chamber in which the oil is decomposed, and the mixture 
of water-gas and oil-gas is then passed through a super- 
heater to make the gas more permanent. Carburetted 
water-gas has an odour quite as penetrating as that of coal- 
gas, and burns with a luminous flame. Its heating an<] 
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iting value varies with the proportion of oil-gas it 
contains, but compared with coal-gas of equal illuminating 
power the heating value of carburetted water-gas is about 
10 per cent, less than that of coal-gas. 

Producer-Gas, sometimes called " fuel-gas," or " power- 
gas," is produced by passing a current of air, or of air and 
steam, through incandescent coke or other carbonaceous 
matter. About one-half of the total volume of the gas is 
non-combustible nitrogen, while the other half consists 
mainly of carbon monoxide and hydrogen. The gas has so 
low a combustible power that in some cases, where the 
nitrogen exceeds 60 per cent., it is necessary to use the gas 
in a hot condition as it comes from the producer to prevent 
the gas from becoming incombustible. Some of the better 
class producer-gases, such as Mond gas, can be used 
whether hot or cold, but they are all of very low heating 
value. In most cases the producer-gas has a heating value 
of about one-half that of water-gas, or one-fourth that of 
ordinary coal-gas. Producer-gas is largely used for indus- 
trial purposes, because it can be made very cheaply and 
from almost any description of carbonaceous matter. Dow- 
son gas, Siemens gas, Wilson gas, and Mond gas must all 
be classed as producer- gases. A great number of producers 
have been devised both in this country and abroad, but the 
gases produced always consist mainly of a mixture of 
carbon monoxide and hydrogen largely diluted with atmo- 
spheric nitrogen. 

Water-Gas Manufacture. 

** European" Process. — Water-gas is made by heat- 
ing a bed of coke to incandescence with the aid of a blast of 
air, then cutting off the air and sending a current of steam 
through the heated coke. The products of combustion 
obtained when the coke is subjected to the air blast are not 
allowed to mix with the gas produced by the action of the 
steam on the coke. Producer-gas is the term given to the 
products of combustion obtained when the air is in use, and 
in the ** European " process the producer- gas formed can be 
used for heating the oil for carburetting the water-gas or 
for' other purposes. The producer- gas contains sufficient 

D 
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carbou-monoxidc tn render it, while hot, capable of combus- 
tion with the evolution of heat. While the steam is passing 
ibrough the coke, the coke is rapidly coohng down, and it 
soon becomes necessary to stop the flow of steam and again 
raise the temperature of the coke with the aid of the air- 
blast. By the old method of working the European process 
the " blow " was in operation for nearly ten minutes, and the 




steam for four or five minutes, but it has since been found 
possible to shorten the time of the blow considerably. 

"Dellwik- Fleischer" Process.— In 1896 Mr. Cari 
Deilwik introduced the method of making water-gas, which, 
in an improved form, is now known as the " Dellwik- 
Fleischer " process. In this process the coke is heated to 
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e temperature necessary for the manufHCture of wutcr-gas 
a much shorter time than by the older process. The 
bed of coke is made less deep and is maintained at a con- 
stant level, and a more powerful air blast is used to ensurtr 
the presence of an excess of air. The result is that carbon 
dioxide instead of carbon monoxide is formed in the pro- 
ducer. Also by passing the steam alternately first from 
the bottom upwards and then from the lop downwards 
through the heated toke the temperature throughout the 




i equalised, and the brick lining of the generator is 
n away more rapidly at one point than at another, 
BCarbon monoxide is first produced as in the older 
" European " process, but owing to the larger ratio of air to 
coke in the Dellwik producer this carbon monoxide is 
immediately oxidised to carbon dioxide. Now, I lb. of 

I carbon when burned to carbon monoxide evolves 4,350 
British thermal units, while ihe same quantity of caibou 
k ^ 
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when burned to cirbon dioxide evolves 14,500 B.T.U. 
The coke ill the producer is therefore raised to the necessaij 
temperature more quickly when carbon dioxide is formed 
within the producer than when the producer- gas cODsists 
of carbon monoxide. Working on this system the time 
occupied by the " blow " has been reduced to less than two 
minutes, and the time during which water-gas is made has 
been prolonged to ten minutes, and over 70,000 cubic feet 
of water-gas can be made per ton of coke in place of the 
,14,ooo cubic feet made by the " European " process. 

Oo the other hatid, owing to carbon dioxide instead of 
carbon monoxide being formed, the producer-gas from the 
Dellwik plant is not combustible, and cannot, therefore, be 
used for heating the oil used for carburetling the gas when 
an illuminating gas has to be manufactured. The value of 
the combustible producer-gas does not, however, approach 
that of the additional yield of water-gas obtained with the 
Dellwik plant. 

The specific gravity of Dellwik water-gas has been found 
by Professor I^wes to be 0-5365, and the composition 
of the gases obtained by the two processes to be as 
follows : — 





' ' Eiiroiican " 
Process. 


"Dellnik-FItitehcr" 




' 1 


i 
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II 
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The following analysis of Dellwik water-gas, showing 
he small quantities of hydrocarbons commonly present, has 
>een published by Professor Lunge : — 

Dellwik Water-gas. 

Hydrogen 50*80 

Methane '82 

Ethylene -05 

Carbon monoxide 39*^5 

Carbon dioxide 465 

Oxygen -20 

Nitrogen 3*83 



lOO'OO 

The drawings, pp. 40, 41 (figs. 10 and 11) sliow a 
Dellwik- Fleischer water-gas plant in vertical section and 
plan. The gas- producing capacity of plant of the dimen- 
sions here shown is 40,000 cubic feet per hour. 

Lewes Carbonization Process — During the ordinary 

process of manufacturing gas from coal, some of the rich 
illuminating hydrocarbons which are present in the gas 
evolved from the coal, are decomposed during the passage 
of the gas along the heated retort into gases of less illumi- 
nating value. Other illuminating hydrocarbons are also 
lost in the formation of tar. Professor Lewes has suggested 
that much of this loss might be prevented by passing a 
rapid stream of water-gas through the retorts at the same 
time that the coal is being distilled. It was thought that 
the stream of water-gas would carry the coal-gas out of the 
retorts before the richer hydrocarbons had been so largely 
decomposed by contact with heated surfaces, and that the 
mixture of coal-gas and water-gas thus produced would have 
a higher illuminating value than if coal-gas were merely 
diluted with water-gas in a gasholder. 

During the summer months of the years 1900 and 1901, 
a number of experiments on a large scale were carried out 
at the Crystal Palace District Gasworks by Professor Lewes 
and Mr. Sydney Y. Shoubridge on the lines indicated, and 
it was found that as much as 40 per cent, of non-luminous 
water-gas could be passed through the retorts without 
reducing th^ illumjnating power of the mixed gas by -mor^ 
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than about lo per cent. The coal-gas alone had an illumi- 
nating power of 1 6*55 candles, and this was reduced to 
14*85 candles when 40*1 percent, of water-gas was passed 
through the retorts. After making allowance for the reduc- 
tion in illuminating power it is calculated that a saving of 
over two shillings per ton of coal carbonized may be effected 
by the adoption of this method of carbonization. 

Carburetted Water - Gas Manufacture. — The 

apparatus most commonly used in this country for the 
manufacture of carburetted water-gas, is a modification 
of the Lowe plant so extensively used in the United States. 
The plant consists of three main parts, the generator, the 
carburettor, and the superheater (fig. 12); and as the gas 
is made by an intermittent system, the sets are usually 
erected in duplicate. 

In the generator, plain water-gas is made in the manner 
previously described. The carburettor is a chamber of 
about the same height as the generator, say, 18 ft. in 
height, and 10 ft. in diameter, and is packed with small 
fire-bricks arranged in chequer form. The hot producer- 
gas from the generator is led into the upper part of the 
carburettor, where it meets with a blast of air and is 
partially consumed, the heat evolved by the combustion 
serving to heat the bricks in the carburettor. The products 
of combustion, together with the gas not yet consumed, 
pass into the superheater, which is a chamber about 6 ft. 
higher than the carburettor and is likewise packed with 
bricks. In the superheater the gases meet with another 
blast of air, the combustion is completed, and the tempera- 
ture of the bricks is thereby raised. The products of 
combustion escape into the open air through a shaft. The 
generator, carburettor, and superheater having been raised 
to the required temperature, the supply of air is cut off 
and steam is admitted to the generator. Water-gas is 
immediately produced and passes to the carburettor : here 
it meets with heated oil which is being pumped in at the 
top of the carburettor, and which is dispersed in the form 
of spray. In the carburettor the oil is converted into gas, 
and mixes with the water-gas, which carries it forward to 
the superheater. The mixture of oil-gas and water-gas 
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e carburettor is not of a pennanmt charaaer, the 
■ons being liable to partially condense and to 
the water-gas as the lempcralure of ihi 
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Stable under ordinary atmospheric conditions than coal-gas. 
The gas is subsequently purified by a series of operations 
very similar to those employed for the purification of coal- 
gas, but as the gas contains very little ammonia or 
bisulphide of carbon it does not urgently require purifying 
from these impurities. The tar obtained in the manufac- 
ture of carburetted water-gas frequently contains 50 to 60 
per cent, of water, or more, and this must be removed 
before the tar can be distilled. 

According to Butterfield, the composition of carburetted 
water-gas of 26 c-p. (sp. gr. 0*62) made by this process is 
approximately : — 

Hydrogen 34*0 per cent. 

Methane 1 5 'o „ 

Hydrocarbons absorbable by fuming 

sulphuric acid 12*5 „ 

Carbon monoxide 33*0 „ 

Nitrogen 0*5 to 5*0 „ 

The oil commonly used for carburetted water-gas manu- 
facture is that known as " solar distillate," having a specific 
gravity of about 0*870, and a flashing point of about 170 
deg. Fahn, but other oils varying considerably in com- 
position, gravity, and flashing point have been successfully 
employed for this purpose. In practice about 45 lbs. of 
coke and 3^ gallons of oil are used for every 1,000 cubic 
feet of 2 2 -candle gas produced. 

Carburetted water-gas has been used in America since 
about 1878, its popularity there being due to the abundance 
and cheapness of petroleum. The first plant used in this 
country was erected in London in 189 1. By the end of the 
year 1900 carburetted water-gas plant had been erected in 
the United Kingdom by eighty-one companies or Local 
Authorities, the total gas-producing capacity of the plant 
being 134,570,000 cubic feet per day. 

From time to time objections have been raised to the 
public supply of carburetted water-gas, and in 1899 a De- 
partmental Committee was appointed to inquire into the 
use of water-gas and other gases containing a large propor- 
tion of carbon monoxide. After hearing many experts, the 
Conjmittee recommended that when water-gas is supplied 
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a maximum limit for carbon monoxide should be fixed ; 
that where such limit is fixed, some person should be 
appointed to test for carbon monoxide ; and that, before 
any kind of water-gas is distributed in any place, due 
notice should be required to be given. 

So far as the supply of illuminating gas is concerned, the 
recommendations of this Committee have apparently been 
completely ignored by Parliament and the Government 
Departments up to the present time, while the desirability 
of introducing a statutory calorific standard has not yet 
been discussed by Local Authorities or by Parliament, 
although Professor Lewes in his Report to the Birkenhead 
Corporation (1897), and Dr. Harold Colman, of the Bir- 
mingham Gasworks, have both shown that carburetted 
water-gas has a lower heating value than coal-gas of equal 
illuminating power. The answer to the question as to 
whether the use of carburetted water-gas should be 
allowed, should depend mainly upon the relative prices 
to be charged for coal-gas and carburetted water-gas, 
and the terms of the contract made. If a standard price 
has been fixed for i6-candle coal-gas, an article of some- 
what less value is being obtained if 1 6-candle carburetted 
water-gas is being supplied, and, therefore, the standard 
price should be slightly lowered. 

In the year 1901, an important step in the right direction 
was made by the introduction into the Mond Gas Com- 
pany's Act, which permits the distribution of non-luminous 
gas in certain districts for heating and power purposes, of 
clauses relating to the heating power of the gas, and also to 
the proportion of carbon monoxide in the gas. The pro- 
portion of carbon monoxide is to be limited to 14 per cent., 
and the minimum heating value of the gas is to be 125 
British thermal units, and provision is made for the 
appointment of impartial examiners to test the quality of 
the gas, at testing places provided and maintained at the 
expense of the Gas Company. 



48 GAS AND GAS FITTINGS. 



CHAPTER VI. 

PRODUCER-GAS MANUFACTURE, MOND 
GAS, OIL-GAS, AIR-GAS, ENRICHMENT 
WITH LIGHT OILS. 

Producer - Gas Manufacture — The description of 

producer-gas obtained by blowing air through heated coke 
has already been described as a by-product in the old 
process of water-gas manufacture. Instead of separately 
making a high-class water-gas and a low-class producer- 
gas by alternately blowing air and steam through the heated 
fuel, a higher class producer-gas, consisting of a mixture of 
water-gas and the producer-gas previously described, may be 
made by passing a regulated mixture of steam and air through 
the fuel, the heat evolved by the combustion of the carbon 
with the atmospheric oxygen being made to balance the 
heat absorbed during the decomposition of the steam. An 
excess of air has to be used to compensate for loss of heat 
through unavoidable causes. A large number of generators 
or producers have been invented to manufacture gas of this 
description, and the gas produced is usually known by the 
name of the inventor of the plant — e,g.^ Mond gas, 
Siemens gas, Dowson gas. 

In some producers anthracite or a more bituminous 
fuel is used instead of coke, as, for instance, in the Mond 
producer, in which cheap coal slack is employed ; and 
the hydrocarbon gases evolved from the fuel enrich the 
producer-gas to a certain extent, and increase its value. 
The tar may be recovered by cooling and washing the gas, 
or may be destroyed by passing the gas through a sufficient 
thickness of heated coke. 

The following table shows approximately the compo- 
sition and relative heating values of natural gas and of the 
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gases most commonly used in this country for lighting, 
heating, and motive power; but it must be remembered 
that in every case the composition of the gas is variable : — 





London 
Coal-Gas. 


Natural 
Gas of 
U.S. A. 


Water- 
Gas. 


Mond 
Gas. 


Dowson 
Gas. 


1 
Siemens 

Gas. 

1 


Hydroc^en 


5^11 
33-88 

397 

5*34 
nil 

396 


20*62 
73-28 

4-30 

I 'CO 

o*8o 
nil 


49-17 
•31 

nil 

43-75 
271 

4-06 


24-8 1876 

2"i O'll 


8*6 


Methane 


2*4 

nil 


Unsaturated] Hydro- 
carbons 


* 

nil 
13-2 

12*9 

46-8 


0-31 

25-07 

6-37 

4898 


Carbon monoxide ... 

Carbon dioxide 

Nitrc^en 


24-4 
5-2 

59*4 






lOO'OO 


IOO*00 


lOO'OO 


100*0 


lOO'OO 


100*0 


Gross Calorific value, 
B.T.U. per cubic 
foot 


624 


S90 


304 


155 


ISO 


135 





The difference between the heating value of coal-gas and 
carburetted water-gas of similar illuminating power is 
shown by the following figures published by Dr. Colman : — 

Carburetted 
Coal-Gas. Water-Gas. 

Illuminating power I7'3i ••• 17*46 candles. 

Heating value (gross) ... 158*9 ... 142*5 ") calories per 

,» n (net) 1457 ... i32-9i cubic ft. 

To convert the calories into British thermal units 
multiply by 4 (or, more correctly, 3*968). 
The table (see p. 50) given by Bryan Donkin in his book 
on " Gas Engines " is interesting as showing the variations 
in the composition of the coal-gas supplied in different 
localities. The analysis of London gas supplied by the 
Gas Light and Coke Company needs revision, as the carbon 
monoxide now commonly amounts to 9 or even 12 per cent., 
owing to the addition of large proportions of carburetted 
water-gas. 
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Producers. — In the older forms of producer the fuel 
usually rested on firebars through which the air supply 
entered. In order to make the draught sufficiently power- 
ful to carry the producer-gas forward an overhead cooling 
tube was provided. The gas ascended to this tube, and 
after being cooled was allowed to descend, the weight of the 
cold descending gas being sufficient to create a " pull " on 
the hot gas ascending through the fuel, and to thus increase 
the current of air drawn through the firebars. In these 
" open " producers the rate of manufacture is slow owing to 
the slow speed of the air draught, and the small quantity 
of steam permissible. Better results are obtained by 
closing the ashpit and admitting regulated currents of air 
and steam under pressure. The air and steam are supplied 
together. A jet of steam is blown into a tube, and owing 
to the force of its impulsion draws air into the tube with it, 
and the steam and air pass together into the producer. 
The size of the jet is adjustable, so that the proportion of 
air to steam can be varied as required. By using a hollow 
jet of steam instead of the so-called " solid " jet formerly 
used, a given quantity of steam can be made to draw in a 
larger volume of air. 

Mond Gas. — Hitherto producer-gas has in this country 
been manufactured on the works on which it is to be used, 
and is usually consumed while hot. The promoters of the 
Mond scheme propose to supply a large area in Stafford- 
shire, including several important towns, with Mond gas 
for power purposes. It is proposed to distribute the gas 
in steel mains under an initial pressure of 7 lbs. per sq. in. 
in order to limit the size of the mains required. The 
difference between this pressure and that of i in. to 4 in. 
of water under which coal-gas is commonly supplied is 
shown in the following table : — 

Weight of a column of water in lbs. per square inch. (Water 
at fnaximum density at 3*9 deg. C). 

y\yth in. water = 0*00361 lbs. per sq. in. 

I in. „ = 00361 „ 

2 7*7 in. „ = i-o „ 

194 in. „ =7-0 „ 

554 in. =2o-o „ 
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According to Sir F. Bramwell, the gas is to be sent out 
under an initial pressure of about 7 lbs. per sq. in. from 
the distributing stations, and at the point of delivery to 
the consumers is to be reduced to about 2 lbs. The maxi^ 
mum price is to be 3d. per 1,000 cubic feet, when not less 
than four million cubic feet per quarter are used, and 4d. 
per 1,000 cubic feet for smaller quantities. 

Mond gas is a producer-gas made with the aid of an 
unusually large quantity of steam, about 2| tons of steam 
being blown into the fuel for every ton of coal slack con- 
sumed. A large quantity of ammonia is present in the gas 
produced, and this is recovered and subsequently converted 
into sulphate of ammonia, the sale of which is expected to 
almost cover the cost of the coal slack. 

Oil - Gas. — Instead of being used for the manu- 
facture of carburetted water-gas, oil may be directly 
decomposed into a gas very rich in illuminating hydro- 
carbons. The oil-gas may be used without admixture 
with other gas, or may be used for enriching gas of poorer 
quality. 

Pintsch's System and Pope's System. — The oil- 
gas produced by these systems is extensively used for 
lighting railway carriages, lighthouses, and buoys. Even 
after compression it has an illuminating power of about 
7 J candles per cubic foot when consumed in the ordinary 
railway carriage-lamps. A gallon of oil, such as Russian 
Solar Distillate or Scotch gas oil, yields about 82 cubic feet 
of 50-candle gas. The gas is stored for use in steel 
cylinders under a pressure of about ten atmospheres (150 
lbs. per square inch). When subjected to this compression, 
about I gallon of tarry liquid, known as "hydrocarbon," 
condenses from every 1,000 cubic feet of gas compressed, 
and the illuminating power of the gas is reduced from 50 
to about 38 candles per 5 cubic feet rate. 

The oil-gas is manufactured by vaporising and decom- 
posing the oil in specially-constructed retorts heated to a 
cherry red heat. It is now a common practice to mix about 
20 per cent, of acetylene with the oil-gas i^fore compression, 
the illuminating power of this mixture bei^g doubl6 that oi 
the plain oil-gas. 

V 
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Peebles Process. — By this process, the invention of 

Messrs. Young & Bell, oil or tar is converted into gas and 

coke, the gas being washed with oil or tar, which is itself 

subsequently decomposed into gas and coke. One ton of 

tar from Durham coal is said to yield 15,000 cubic feet of 

2 5 -candle gas and 15 cwt of good quality coke; and one 

ton of Scotch gas oil to yield about 22,000 cubic feet of 

90-candle gas, the illuminating power being calculated from 

the enriching value of the gas when mixed with low 

quality gas. About 5I cwt. of hard graphitic coke is 

obtained per ton of oil. 

Oil-gas is so rich in heavy hydrocarbons that it bums 
with a very smoky flame in burners which are suitable for 
coal-gas, and has therefore to be consumed in burners with 
very small orifices, such as the No. o or No. 00 Bray 
burner, and at the rate of about i cubic foot per hour. 
Professor Lewes gives the following as the composition of 
oil-gas as made by the Pintsch and Young systems 
respectively : — 



Composition of 


Oil 'Gas, 




m 


Pintsch 


Voung 




Gas. 


Gas. 


Unsaturated hydrocarbons . 


. 35-65 . 


. 4383 


Saturated hydrocarbons 


. 45*37 . 


. Z^'Z^ 


Hydrogen 


. 12*44 . 


. 16-85 


Carbon dioxide 


074 . 


063 


Carbon monoxide 


o*6o 


O'OO 


Oxygen 


2'00 . 


114 


Nitrogen 


3-00 . 


. 1-25 



100*00 100*00 

Air-Gas. — In America, illuminating gas is often made 
by passing air at ordinary temperatures over light petroleum 
spirit. This is, however, a crude and wasteful method of 
using the oil, and many accidents have occurred owing to 
an explosive mixture of air and petroleum vapour having 
been formed in some part of the apparatus. 

The KitSOn Light. — This light is produced by heating 
a large mantle to incandescence by means of an oil flame 
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rendered non-luminous by causing the oil vapour to draW 
in by its injecting action the necessary volume of air just 
before it enters thh bufner. The mantle is similar to that 
used by the Welsbach incandescent gas light, but is larger. 
The oil is placed in a cylinder, and air is then pumped into 
the cylinder. The pressure of air in the cylinder (about 
50 lbs. per square inch) forces the oil up a pipe of very 
small bore, and injects it into the lamp, where it passes 
through a tube located a short distance above the mantle 
and where, heated by the waste combustion products, it iJ 
vaporised. The compressed air is not used for combustior 
of the oil. The apparatus is compact, and has the advan 
tage of not requiring any distributing pipes. It is, there 
fore, useful for lighting works not supplied with gas, or fo 
works of a temporary nature where a powerful light i 
required without incurring the expense of laying ga 
service-pipes. The hissing noise made by the lamp make 
it unsuitable for most indoor work. The illuminatinj 
power of the light is about 1,000 candles, and the cost 
the oil used amounts to about id. per hour. 

Enrichment of Gas with Light Oils. — Instead c 

decomposing heavy oil into a rich gas and using it to enric 
low quality gas, the gas may be passed over liquid light oi 
or brought in contact with oil which has been vaporisec 
but not decomposed, with the aid of steam. These ligh 
oils are mostly distillates from American petroleum, ani 
are sold under fancy names. Carbiirine has a boiling point c 
about 70 deg. C. and a specific gravity of about o'68. Gasolin 
has a boiling point of about 40 deg. C. and a specific gravit; 
of about 0*65. Petroleum Spirit a boiling point of abou 
95 deg. C, and a specific gravity of about 070. Commercia 
90 per cent, benzol contains, according to Butterfield, abou 
70 per cent, benzene and 25 per cent, toluene, and has 
boiling point between 82 and 112 deg. C, while its specifi 
gravity varies from 0-882 and 0*885. 

The process of enriching gas with oil vapour is terme< 
*^ carburetting." In Germany benzol is largely used fo 
carburetting plain water-gas. The gas may be carburette 
with light oils at atmospheric temperatures, but in thi 
country it is usual to vaporise the oil by steam heat. Ii 
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London, all gas supplied north of the Thames is required 
by Act of Parliament to have an illuminating power of not 
less than 16 candles when consumed in a standard argand- 
bumer at a rate of 5 cubic ft. per hour. The gas from the 
coal used in London has an illuminating power of 14 to 15 
candles, and it is therefore necessary to raise it to about 
16^ candles by carburetting it with light oil or by mixing it 
with rich carburetted water-gas. Mr. H. Leicester Greville 
has found that i gallon of petroleum spirit vaporised in a 
Price carburettor is capable of enriching 10,286 cubic f^. of 
coal-gas from 16 to 17 candle-power. 
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BY-PRODUCTS AND THEIR USES. 

The residuals obtained io the manufacture and purification 
of coal-gas, and the articles of commerce made therefrom, 
are too numerous to be even enumerated here. The manu- 
facture of coal tar products is of itself an industry of the 
first importance. The aniline colours, creosote, carbolic 
acid, pitch, coke, sulphate of ammonia, and nitro-benzene 
are among the products derived directly or indirectly from 
coal. 

At the Beckton Gasworks, London, which are the most 
extensive in the world, tar distillation is carried on and 
many by-products are manufactured, but in moat cases the 
tar is sold by the gas manufacturer to the manufacturer of 
chemicals or dyes. The principal products other than gas 
commonly sent out from a gasworks are coke, tar, sulphate 
of ammonia, spent oxide, and spent lime. 

Co^e.^Gas coke should consist almost wholly of carbon. 
It should not contain more than 5 per cent, of water, nor 
yield more than 8 percent, of ash. The amount of sulphur 
should not exceed i per cent. The statement that gas 
coke contains much more sulphur than household coal is, 
generally speaking, altogether erroneous. The coke as it 
leaves the retort is in pieces of loo large a size to be con- 
venient for domestic use, but it can now be obtained from 
the works broken to convenient size, and consequently finds 
a more ready sale for domestic purposes. 

Tar.^About 10 gals, of tar are commonly obtained per 
ton of coal carbonised. The tar from Durham coal has 
usually a specific gravity of about I'aoo, Butterfield gives 
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the following as the results of an assay of a t3rpical London 
coal tar : — 

Per cent, by 
weight. Remarks. 

Specific gravity at 15*5 deg. 
' C. = 1*192. 

Acjueous ammoniacal liquor 3*53 

Light oils (distilling over below 

170 C.) 1*99 Lighter than water. Include 

benzol, which is used for 
the manufacture of aniline. 
Middle oils (distilling over be- 
tween 170 and 270 C.) 18*46 Include napthalene and car- 
bolic add. 
Anthracene oils (distilling over 

above 270 C.) 12*20 From which alizarin is manu- 
factured. 

Pitch (medium) ,. 59*20 Used for paving, roofing, 

varnishes, patent fuel, &c 
Loss on distillation 4*62 
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Tar Concrete and Tar Pavement— Tar concrete 

is made of broken stones or shingle thoroughly mixed with 
tar, about twelve gallons of tar being used for every cubic 
yard of concrete. The tar should be heated and the solid 
matter dried before the two are mixed. Breeze, furnace 
cinders, broken clinker, and other materials are also often 
employed for mixing with the tar. For tar pavement, 
Newbigging recommends the following treatment : — The 
solid ingredients are divided into three grades — i. Coarse 
material which will not pass through a sieve having bars 
I in. apart ; i. Rlddlings which will pass this screen, but 
will not pass through a f in. sieve ; and 3. Fine material 
which passes through both sieves. The three grades are 
made hot and mixed with hot tar in the following propor- 
tions : — 

T r««reo •v^of^rJoi ' P^'t tar ( or 24 gals, tar to 

1. Coarse material ^ ^^^^^ ^^j.^ ^ ^ ^^^ ^^jj^ 

« T?;^^«ncT« ^ P^'^ ^^ J °' 30 gals, tar to 

2. Riddhngs y ^^^ 3^jj^j j , ^^^ goiid 

^ ^. . , , I part tar C or 36 gals, tar to 

3. Fme material 6 parts solid [ i ton solid. . 
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The footpath having been curbed, the upper edge of the 
kerb standing 3 in. above the soUd bottom of the path, the 
coarse mixture is laid down 2 in. thick; then the medium 
mixture is laid f in. thick ; and, finally, on top of this the 
finest material is laid about | in. thick. Each lay^r is 
rolled with a 10 cwt. roller before being covered with the 
succeeding layer. The surface of the pavement may be 
sprinkled with powdered Derbyshire spar or granite to 
improve its appearance. 

Tar for making pavement should, according to O'Connor, 
be heated until converted into pitch that will harden on 
cooling; but if overheated the tar will lose its tenacity, and 
produce a pavement which will disintegrate rapidly. The 
tar should be heated in open boilers, at about 194 deg. Fahr., 
for from four to twelve hours. 

Tar as a Paint for Iron. — Coal-tar contains sub- 
stances of an acid nature, and these should be removed 
before the tar is used as a preservative paint for iron. 
When tar is distilled a neutral, solid, resinous pitch is 
obtained as a residue, and this pitch, when dissolved in 
benzene or petroleum, makes a better paint for iron than 
raw cold-tar. It should be applied while hot. Coal-tar or 
coal-tar pitch should not be used on iron exposed to the 
direct heat of the sun's rays, for tar paints so heated are 
liable to soften and run. Tar paints are valuable for paint- 
ing pipes to be laid under ground and for sheet-iron flues. 
Tar is also suitable for protecting iron rivets and nuts. 
In its raw condition it always contains more or less 
water mixed with it, and this should be carefully removed 
before it is used as a paint. 

Spent Oxide. — Spent oxide of iron, when discarded 
for further use in the purifiers, should contain not less than 
50 per cent, of free sulphur. In large works this is some- 
times converted into, sulphuric acid to be used on the works 
for the manufacture of sulphate of ammonia, but the spent 
oxide produced in smaller works is usually sold to sul- 
phuric acid manufacturers. 

Gas Lime. — The lime used for gas purification should 
be flare lime, and as pure as possible. A good building 
lime would not be suitable for gas purification, for the 
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power of " setting/' indicative of a good building lime, is a 
feature to be avoided in lime required for gas purifiers, and 
tbe impurities which often increase the value of the lime 
for building purposes always depreciate its value as a 
purifier. When the lime in the purifiers has become 
" spent " it is thrown out and exposed to the atmosphere 
for as long a period as possible, unless it is to be re-burnt 
to quicklime on the works. Exposure to the air causes 
oxidation of some of the unstable constituents, and 
diminishes the intensity of the odour evolved by the lime. 

' In large towns the gas manufacturer usually has to pay 
for the removal of the spent lime, but in countiy towns the 
farmers buy it for a small sum for agricultural purposes. 
Gas lime improves soils of a certain class, and checks 
certain plant diseases, but it should never be used until it 
has been exposed to the air for a long period. Dr. Voelker 
has found the composition of gas lime, which has been 
exposed to the atmosphere for a sufficiently long period to 
render it a safe manure, to be as follows : — 

Composition of Gas Lime (dried at 2120 F.). 

Water of combination and a little organic 

matter .. ... .. percent. 7*24 

Oxides of iron and alumina, with traces 
of phosphoric acid 

Sulphate of lime 

Sulphite of lime 

Carbonate of lime 

Caustic lime 

Magnesia and alkalies 

Insoluble silicious matter 



Sulphate of Ammonia. — ^The ammoniacal liquor from 
the hydraulic main, condensers, washers, and scrubbers is 
collected in a well or tank, and subsequently used for the 
manufacture of sulphate of ammonia. The sulphate is 
principally used for agricultural purposes as a nitrogenous 
manure. 

When the ammoniacal liquor is boiled, the carbonate and . 



. . 2*49 
. . 4*64 


.. 15-19 


.. 49*40 
.. 18-23 


.. 2-53 
•28 


lOO'OO 
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sulphide of ammonia it contains are decomposed and free 
ammonia is liberated. The ammonia, together with steam 
and other gases, passes to a vessel termed the ** saturator/' 
which contains diluted sulphuric acid, and in which solid 
sulphate of ammonia in the form of minute crystals is 
precipitated as the acid becomes saturated with ammonia. 
The sulphate is fished out with a perforated ladle and placed 
on a draining table. A small proportion of the ammonia in 
the ammoniac^l liquor is present as chloride, sulphate, and 
other compounds of ammonia which are not decomposed 
when the liquor is boiled ; the residual liquor remaining 
after the " free ammonia " has been removed by boiling is 
therefore heated with lime, which causes the ** fixed" 
ammonia to be liberated, and renders it available for conver- 
sion into sulphate of ammonia. 

A sample of ammoniacal gas liquor (sp. gr. 1*0207 ^^ ^^ 
deg. C.) examined by S. Dyson had the following composi- 
tion : — ^ 

Granomes per Litre. 

Ammonium sulphide 3*03 

„ carbonate 39' 16 

„ chloride 14*23 

„ thio-cyanate 1*80 

,, sulphate o'lp 

„ thio-sulphate 2*80 

„ ferro-cyanide 0'4i 

Prussian Blue. — Compounds of. hydrocyanic acid 
(prussic acid) are present in small quanties in the unpuri- 
tied coal gas as it leaves the retorts. These compounds are 
termed cyanides (ammonium cyanide and sulphocyanide), 
and several processes have been devised to recover the 
cyanogen in the form of sodium or potassium ferrocyanide 
for subsequent conversion into the cyanide of iron (Fcy Cyig) 
known as Prussian blue. The manufacture of Prussian 
blue is, however, carried on at very few gasworks in this 
country, and very few details relating to the method of 
manufacture, and the economy effected, have yet been pub- 
lished ; and it is said that the Prussian blue obtained is not 
so pure as that manufactured from other sources. Prussian 
blue is always present in more or less quantity in oxide of 
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iron which has been used for purifying the gas from sulphu- 
retted hydrogen. 

Bisulphide of Carbon. — Liquid carbon bisulphide has 
been recovered on a comparatively large scale by H. 
Leicester Greville from the spent lime discharged from the 
purifiers used for removing this impurity from the gas. 
The liquid bisulphide may be obtained by simple distilla- 
tion of the spent lime with water. It was found that the 
lime would yield about i| per cent by weight of liquid bi- 
sulphide, and that the residue left in the boiler contamed 
50 per cent, of free lime, and could be again used for puri- 
fication purposes. It was proposed to use the liquid 
bisulphide for dissolving the free sulphur from the spent 
oxide of iron produced on the works, the sulphur and bi- 
, sulphide of carbon to be subsequently separated by distilla- 
tion, and the oxide of iron, after removal of the sulphur, 
to be again used for gas purification. The scheme has not, 
however, been adopted, as it has been found more econo- 
mical to bum the sulphur contained in the spent oxide 
into gaseous sulphur dioxide, and to subsequently convert 
it into sulphuric acid. 
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CHAPTER VIII. 

METER AND SERVICE 
PIPES. 

Consumer's Meter — ^The consumer's meter may be of 
either the "wet" or "dry" description, but the "dry" 
meter is now almost universally employed. Fig. 13 shows 
a wet meter in section, and fig. 14 a dry meter. The wet 
meter is constructed on the same principle as the station 
meter previously described. 

The dry meter has a case of tinned iron divided into 
compartments by a central partition, and two or more 
movable diaphragms having flexible leather sides. The 
gas enters and leaves the compartments alternately through 
suitable slide valves. The pressure of the gas on the 
surfaces of the diaphragms causes alternate inflation and 
collapse of the bellows-like chambers, and, consequently, 
alternate variations in the area of the inner and outer com- 
partments, and the movements of the diaphragms bring 
into operation the lever and cranks which actuate the 
wheelwork of the indicators. 

Meters are classed according to the number of " lights " 
which they are intended to supply, each light being sup- 
posed to consume 6 cubic feet of gasper hour. Thus a 10- 
light meter should be provided when the consumption is 
likely to approach 60 cubic feet per hour, and a 50-light 
meter when a supply of 300 cubic feet per hour is required. 
This nominal capacity of the meter does not represent 
the largest quantity of gas which can be passed through 
the meter under ordinary pressures, but the meter- should 
not be required to perform more than its nominal duty 
The prepayment tneter^ ^1§9 called the coin meter pr the slot 
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*■, is an ordinarj- meter having attached to it a box with 
)t in it When a penny, or any other coin for which 
the meter is provided, is droppM through the slot a certain 
quaolity of gas is allowed to pass to the burners, and when 
the pennyworth of gas is nearly consumed, Ihe volume of 
ps passing gradually diminishes until the flow altogether 
ceases unless another penny is dropped through the sli 
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Fig. 13.— A Wet Mel. 



in SeclioL 



ice charged for the gas is greater than when bought 
by means of an ordinary meter, because the extra cost of 
the meter has to be considered, and the price is usually 
calculated to include the rental of supply pipes, brackets 
and burners which are provided without additional charge. 
From BO to 25 cubic feet of gas are commonly allowed for 
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"Sale of Gas Act" of 1859 & meter is passed as correct when., 
it registers not more tbiui 3 per cenL fast or 3 per cent 
slow, the slow registration being in favour of the orasomcr. 




Fig. 14.— A Drf Heta. 

In most lai^ towns one or more meter testing- ofiiees 

are provided and maintained by the Local Authority, which 
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also employs competent and impartial inspectors to test any 
meter which may be sent to the office for the low fees 
quoted in the Sale of Gas Act. 

The following circular, issued from the Guildhall, London, 
will serve as an example of the facilities commonly afiforded 
to gas consumers for verifying the registration of gas- 
meters. The privilege of having a meter, or any number 
of meters, tested at this low rate of charge is not confined 
to the inhabitants of the City of London, but is open to 
every one. The circular runs thus : — 

*' The attention of the inhabitants of the City is called to 
the facilities for testing gas-meters : — 

I. The Uesting Office provided by the Corporation is 
situate at the City Green-yard, Lower Whitecross-street. 
Office hours 9 to 5. 

II. A gas consumer desiring to have his meter tested 
should first give twenty-four hours* notice thereof to the 
gas company. If at the expiration of that time the com- 
pany have not taken the necessary steps to examine and 
test such meter, the consumer may do so, the party in the 
wrong paying certain charges. 

III. The charge for testing a 2, 3, or S-light meter is 
sixpence, and for larger meters as follows : — 



Dry Meters. 




Wet Meters. 




Lights. f. 


d. 


Lights. s. 


d. 


10 I 





10 I 





20 I 





20 I 





30 I 





30 2 





50 2 





50 2 





60 2 





60 3 





80 3 





80 4 





100 3 





100 5 





150 5 





150 8 





200 7 





200 10 






IV. Three days are by the Act allowed for testing, but as 
a rule a meter can be received back the same day. 

V. The consumer can, under special circumstances, have 
his meter tested on his own premises, but extra cost is 
thereby incurred. 
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CHAPTER IX. 

GAS PRESSURE AND GAS GOVERNORS, 
PRESSURE AND CONSUMPTION GAUGES. 

When gas is required for the purpose of producing an 
illuminating flame it should be supplied at the point of 
ignition under very low pressure (say 0*5 in. of water), but 
when required for incandescent burners, or other burners 
in which air is admitted to produce a non-luminous flame, 
the gas should be supplied to the point at which it is 
injected into the mixing tube of the burner under a higher 
pressure (say i| in.). It is commonly stated that ** atmo- 
spheric" gas fires are most efficient when supplied with gas 
under a pressure of about | in., but although this may be 
true when coal-gas is used in nicely adjusted gas fires 
having clean burners and tested under favourable con- 
ditions in a room free from draughts, it is a statement 
which is likely to mislead the ordinary consumer. 

In practice the burners are seldom perfectly clean, but 
are more or less covered with dust deposited from the at- 
mosphere or dropped upon them from the overhead fire- 
clay or asbestos fuel ; consequently the gas ceases to issue 
in sufficent volume, becomes mixed with too large a pro- 
portion of air, and " flashes back " when ignited, or burns 
with a short, noisy, green flame. Non-luminous flames, 
produced by admitting air before the point of ignition, 
have. also a greater tendency to ** flash back" under the 
influence of air draughts, caused by opening windows or 
doors, when the gas is supplied under a pressure of less 

F 



72 GAS AND GAS FITIINGS. 

than 1 in. than with gas under a higher pressure. Also 
the common practice of mixing carburetted water-gas with 
the coal-gas, and thereby increasing the specific gravity of 
the gas, necessitates the use of gas under a higher pressure 
than j in. The main disadvantage attendant on the use of 
gas under high pressure is the hissing noise produced in 
the burner. 

Initial or House Gas Governors— The pressure of 

the gas as it leaves the consumer's meter varies consider- 
ably during every twenty-four hours in most districts, and 
to prevent it exceeding a certain limit at the points of 
ignition a governor is often affixed on the service-pipe close 
to the outlet of the meter. The object of the governor is to 
prevent wasteful consumption of gas, and to maintain a 
unifdrm pressure at the burners irrespective of the changes 
in the pressure under which the gas is supplied to the 
meter. When the pressure of the gas entering the meter 
is too low, or the meter itself is too small, governors are 
quite useless. 

Governors should always be fitted in a level position, and 
in places where they can readily be inspected. By turning 
a screw or manipulating small weights the governors can be 
so adjusted that the pressure at the outlet will be main- 
tained at any desired point lower than the pressure at the 
inlet. It is usual to recommend that the pressure be re- 
duced to I in. when the usual number of lights are in use, 
but if incandescent burners or other appliances fitted with 
*^ atmospheric " burners are to be supplied in addition to 
burners for luminous flames, it is better to allow a pres- 
sure of I J in. at the governor outlet, and for the luminous 
flames to use governor burners, or Bray burners fitted with 
the ** economisers " to be described in the next chapter. 

The governor usually consists of a small chamber 
through which the gas flows, the inlet being partially 
closed by a small cone which automatically rises and re- 
duces the size of the inlet orifice when the pressure in- 
creases, and which descends as the pressure decreases and 
thereby increases the size of the orifice through which gas 
can pass. In some governors the upper part of the cham- 
ber consists of a flexible leather diaphragm, which expands 



CAS PRES5CSE AND GAS GOVERNORS. 73 

1 upward direclioii when the pressure increases and 
!s up the conical or semi-splierieal plug whicJi is con- 
ed to the diapliragm by a central spindle, and which 

(ontrols the ga* inlet orifice. The gas pressure required to 
: the diaphragm and top plate is regulated by reniov- 
weights, or by turning 3 screw which regulates a 

Lpring pressing upon the flexible diaphragm. To obtain 
iter regularity of action the governor sometimes con- 
s of two of these expansible chambers arranged side 

by side, and forms wliat is termed a " double dry 

governor." 

In Peebles's "mercurial" governor (fig. 15) a small gas 

bell floats in a cup containing mcrcun.', the rise of the bell 

when the pressure increases 

causing a reduction in the 

size ol the inlet orifice, and 

the gas pressure required to 

raise the bell being depen- 
dent upon the weight placed 

upon it. 

One of these governors is 

sometimes attached to every 

appliance which consumes a 

large volume of gas, such as 

i the saving effected by 
Kirefuily governing the supply may be considerable. 

Occasionally trouble is caused by the valve of a governor 
becoming jambed against the sides of the chamber in which 
it is located, and refusing to pass the required volume of 
gas. In such cases the valve can readily be released, but 
instances have occurred in which the consumer has been 
too ignorant to detect the cause of the trouble and has at 
once concluded that the gas company has been distiibiiling 
gas under deficient pressure or of inferior quality. 

t Governor Burners. — Instead of, or in addition to, 
.icing au initial governor at the outlet of the meter, the 
jrners used may each be provided with a small govei 
mated either in the body of the burner or immediately^ 
meath it. 
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metal, and as llie gas pressure iii- 
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greater the pressure the smaller be- 
comes the cutlet orifice, while a 
decrease of pressure is accom- 
panied by a descent of the float 
inaequent enlargement of the 
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Fig. 16.— Peebles'! 
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A great variety of burner governors 
are manufactured, but most of them 
depend upon the movements of a 
orUutner. Iloat which automatically reduces the 
size of the gas inlet or outlet orifice 
;as pressure increases, and enlarges it as the 
pressure decreases. They are mostly effective while 
maintained io good working order, but all require occa- 
sional inspection, as the accumulation of a little dirt 
within Ijiem, or the corrosion of the metal, is liable to put 
them out of action. Sometimes in float governors the float 
becomes jambed against the sides of the chamber contain- 
ing ii, and needs to be released by tapping the burner, or 
by unscrewing the base of the chamber and shaking it free. 
Pressure increases with the Elevation. — The 
specific gravity of coal-gas being much lower than that of 
air, the gas pressure increases as the height of the supply- 
pipe above ground level increases, and decreases when the 
pipe is carried in a downward direction. A gasworks is 
usually situated on the lowest level in the district to be sup- 
plied, because a higher pressure is required to distribute 
gas downhill than uphill. The pressure on the top floor 
of a building is greater than in the basement, if no gover- 
nor be employed. The increase in pressure is equal to 
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about ^ff. in. of water for every 10 ft. of elevation, and in 
lofty buildings a governor may with advantage be provided 
on the service-pipe at every elevation of 30 ft 

Pressure Gaug^es. — ^The simplest pressure gauge is a 
glass U-tube filled to about half its height with water, one 
end of the tube being open to the air and the other open to 
the air until connected to the gas supply-pipe. When both 
ends of the tube are open to the atmosphere the column of 
w^ater is at the same height in both limbs ; but when one 
limb is connected to the gas supply the pressure of the gas 
causes the water level to be depressed in one limb and to 
rise in the other. The height of the water level in the one 
limb above that in the other limb is measured in inches, 
and represents the pressure of the gas in inches of water. 
For convenience the water in the tube may be tinted with 
cochineal or soluble indigo, a scale graduated in tenths of 
an inch may be attached to the tube, and a stopcock and 
nipple may be fitted to the end of each limb ; but these 
additions merely render the apparatus more convenient to 
use, and do not affect the accuracy of the readings. 

Mercury Gaug^es. — For pressures higher than the 
maximum of 4 in. or 5 in. under which coal-gas is usually 
supplied, the U-tube may be charged with mercury instead 
of water, mercury being 13*4 times the weight of water. 
Mercury gauges are sold having a scale on which the figures 
represent the pressure in inches of water, and the neces- 
sity of multiplying the readings by 13*4 in order to 
convert them into inches of water is thereby obviated. 

High-pressure Gauges. — For measuring pressures of 
many pounds to the square inch, spring gauges in a circular 
metal case, similar to those used for steam boilers, are 
employed. 

Service-pipe Cleansers. — Supply pipes and service 

pipes exposed to low temperatures sometimes become 
blocked with naphthalene or other matter deposited from 
the gas. To remove the obstruction the pipe is usually 
** blown out" with the aid of a force pump known as a 
" service cleanser," the removal being sometimes facili- 
tated by introducing into the pipe a solvent, such as benzol, 
naphtha, or petroleum. 




Consumption and Pressure Indi- 
cator. — Indicators are manufactured which 
show at a giance the approximate hourly 
rate of gas consumption of any ordinary 
gas-burner, and which may also be used 
as pressure - gauges. The consumption 
readings of the indicator vary with the 
specific gravity of the gas, and consequently 
an indicator adjusted to give correct read- 
ings with rich Scotch gas would not indicate 
correctly the consumption of burners tested 
with London coal-gas. The indicator must 
be adjusted by the manufacturer to suit 
the quality of the gas supplied in the district 
in which it is to be used. 

To ascertain the rate of consumption of any 
burner the indicator(fig. 1 7) is attached to the 
gas supply pipe, and the burner is screwed 
into the top of the indicator. The gas 
eniering the bottom of the indicator passes 
through a glass tube, within which is a 
floating disc which rises to a height depen- 
dent upon the rate of flow of gas to the 
burner. On one side of (he metal case 
containing the glass tube is a scale of cubic 
feet per hour, the consumption of the burner 
under examination being indicated by the 
position of the floating disc, which rises until 
opposite that figure on tiie scale which indi- 
cates the consumption. As the height to 
which the disc is raised is dependent upon 
the specific gravity of the gas, it follows 
that the instrument registers inaccurately 
when used with gases of widely different 
specific gravity, but for obtaining an approxi- 
mate estimation of the consumption of 
different burners in districts supplied with 
gas of uniform specific gravity the apparatus 
is very useful. 

To use the instrument as a pressure 
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gauge a cap provided with the instrumeut is screwed on 
the top in place of a burner, and reference is made to 
another scale engraved on the opposite side of the metal 
case. The float rises as before, and the point at which 
the disc remains at a constant height indicates on the scale 
the pressure in inches of water of the gas under examination. 
Variations in the specific gravity of the gas do not afi*ect 
the accuracy of the pressure indications. 

Testing: the Gas Fittings.— Gas supply pipes and 
fittings to be used with gas under ordinary pressures of less 
than 4 in. of water should always be tested under a pressure 
of lo in. or 12 in. before being approved as gas-tight. A force 
pump and mercury or water pressure-gauge with connecting 
pieces form the whole of the apparatus required for testing ; 
gas or air being forced into the pipes until the required 
pressure is obtained, and observation being made as to 
whether the pressure remains constant for a long period or 
gradually decreases. A leak-detector of this description is 
made by Harrison & Sheard, and quite recently a detector 
known as the " Wizard," in which benzoline is provided to 
render the air inflammable, and thus facilitate detection of 
the point of leakage, has been introduced by Falk, Stadel- 
mann & Co. 
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CHAPTER X. 
LUMINOUS FLAT FLAMES. 

To obtain the highest lighting efficiency from a luminous 
flame the pressure under which the gas escapes at the point 
of ignition must be very low. The luminosity of the flame 
is due to the presence of minute particles of solid carbon 
liberated by the decomposition of certain hydrocarbons 
under the influence of heat. The greater the temperature 
to which the carbon particles are heated the greater is the 
intensity of the light emitted. 

When gas issues under high pressure from the burner, 
less light is emitted from the flame than when the gas is 
burned under low pressure, because rapid currents of air 
are induced in the neighbourhood of the flame, which con- 
sequently becomes cooled and over aerated, and becomes 
less highly charged with the solid carbon particles. 

The gas should issue from the burner in such a manner 
that the flame is capable of supplying itself with that pro- 
portion of air required to effect complete combustion of the 
gas without cooling the flame by undue dilution. If the 
flame is of such shape or dimensions that it cannot attract 
to itself sufficient air to completely oxidise all the carbon 
particles liberated, the flame becomes smoky and emits 
less light than when the gas is consumed under favourable 
conditions. A poor quality gas requires less air than a 
rich gas, and the apertures in a burner to consume the 
former should be larger than those in a burner for rich gas. 
A pressure of 0*5 in. at the inlet of the burner is sufficient 
in most cases. 

Flat flame burners may be divided into three classes : — 
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(i) Baisiv-tng, (2) un: 



fishtail, (3) slit 



The burner tip should always be made of some material 
whkh is not a conductor of heat, the materials most exicu- 
sii-eljused beiug steatite and enamel. 




LU jy 





BatSwing Burners. — The batswing burner {fig- >Sa) 
yields a flame (fig. 1 9a) having a shape somewhat resembling 
that of a bat's wing. It is specially adapted for rich gas, 
such as that obtained from cannel coal, of from eighteen f 

Ky-candle power. 
i 



So 
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The richer the gas the more narrow must be the slit in 
the burner, and (he smaller the rale of consumption. 

Union-jet or Fishtail Burner. — Bray's union-jei 
burner (fig. i8b)isan enamel burner cased in brass. The gas 
issues from two channels drilled in the enamel at an angle 
somewhat greater than 45 deg., the size of the orifices being 
dependent upon the quality of the gas to be consumed. 



I 







The burners range in size from No. 00000 to No, 9, the 
latter having the largest orifices. The inclination of the 
two ■channels in the enamel also varies according to the 
quality of the gas to be consumed, so that the angle at 
which the two jets of gas impinge against each other may 
be such as will give a suitable spread to the flame when 
supplied with gas under low pressure, The fishtail burner 
derives its name from the shape of the flame it gives (fig, 19b), 
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The flame being of less breadth than ihe batswing flame fl 
less liable to crack the glass shades conimonly used with fi 
flames. The light efficiency ohiaiued when these burners 
are used with gas under the fall pressure at which it is 
usually supplied to the cohsumer (say, 2 in.) is very low. 
The gas pressure ought to be reduced to about o's in. 
before passing to the burner, but, as a matter of fact, the 
majority of gas consumers use Bray burners without a 




Fig. 19 (b).— Union -jet or fish-lail flame, 
governor of any description, the sole regulatiou of the gas 
consumption being that produced by turniug the gas-cock 
until the flame appears to be emitting the maximum 
quantity of light. 

Slit Union Burners.— The slit union burner {fig. j3c), 
is a combination of the union-jet and batswing burner. It 
somewhat resembles the batswing burner in appearanci 
but has a recessed top, and produces a flame wider 
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inc&^^^ 

1 
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base than the butswiiig, and less ragged at its upper edges 
(fig. 19c). These burners are ofieu employed for street 

The flame photographs reproduced in figs, iga, 19b, aud 
igc were oblamcd from the No. 5 burners shown in fig. 18 
supplied with is-candle gas under a pressure of 




Bray Burners with Economisers- — T!ie gas 
"economiser" is merely a small expansion chamber of 
brass, fitted internally with a muslin screen and terminating 
at top with a slit burner. These economisers slip over the 
ordinary Bray union-jet burners, and have the effect of 
materially increasing the illuminating power of the flame 
without affecting the rate of gas consumption. They are par- 
ticularly eff'ective when used in places not provided with 
governors, and supplied with gas under the usual pressure 



UJMINOCB FLAT ri.\Mn. 

uf i^ t.i 2^ in. Bray'3 " Cmlac " ecuuiMiiiacrs maj l»e 
hoiight retail for u id. eadi, or jd. per dozen, and akkoogli 
like all slit burners tliev gradually Uecumc IJocked wiili 
i-arbonaccDUS deposit, their price is s.j antall fhal they mav 
be replaced by new ones every two or tJiree nxniths wiihiMt 
appreciably afTectiiig tile annual cost of maiuienaoec vt a 
lighting installation. The Bray burners moot czienMvdy 
used are Nos. 4 and 5, commonly cuDsaming 8 aud 10 
uubic feet p»er hour respectively under the onlinaiy \ 
pressure of i^ to 2 in. These may with advaaiage 
replaced with No. 2 burners capped with Net 7 

WI1CU the economisers are discarded 







i-11;. 2l> 1,11- fig, laib). 

Fig. 30 showing Bray burner {■) withoul ind (b) wkb hi iim»m»ii 

new ones, it is not necessary also to renew th« No. 1 

Bray's adjustable burners are constructed on similar line*. 
but the upper portion of the burner is made to ncrctv on 
to the lower portion instead of to slip over it. 

The following tables show the lighting power and rate of 
gas consumption obtained with a No. 2 and No. 3 Bray 
burner (patent enamel regulator) respectively when textcil 
under different gas pressures with and without Ihe eco- 
noiuiser, the gas-cock in every case bein^ turned flilQj " 
BiApen without r^ard to the appearance of the flame. 





Fig. 2ia. — Wirhoul 



tjuality of the gas tested in a standard Argand burner 
was 15J candles per 5 cubic feet per hour rate :^ 

No. 3 Bray Burner wi/houl Economiser. 



Consumplion. 
Cubic feet pec hour. Candles. 

5'6 ... 1-4 ... 



2-g6 
2-34 
1-924 




2 union-jet Bray burner (a) without and (b) with 1 
\ No. 7 Codac economiser is shown in fig. 2o. The J 
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relative sizes of the flames obtained from this burner (a) 
without and (b) with the economiser respectively are shown 
ill fig. 2 1. In each case the rate of gas consumption was 
5'6 cubic ft. per hour, and the pressure under which the gas 
was supplied to the burner was i| inches. The illumi- 
nating power of the flame without the economiser was 
1 '4 candles, but this was increased to i66 candles when 
the burner was capped with the economiser. 

It will be observed that the lower the pressure the better 
the result when no economiser was used, but that when the 
burner was capped with the economiser the results im- 
proved as the pressure increased. The gas issuing from 
the economiser is under less pressure than when it issue] 
from the orifices of the burner below it, and in every case 
the economiser increased the light efficiency of the ga?. 
The light efficiency obtained when the Bray burners were 
used without an economiser would probably have been 
higher had the flow of gas to the burneis been adjusted by 
turning the gas-cock until the flame appeared to be giving 
the maximum amount of light. Professor Lewes gives the 
following table of comparative duties of flat flame burners 
of different sizes tested with i6-candle gas, but the pressure 
of the gas is not stated, and the flames were probably 
always adjusted by turning the gas-cock until the brightest 
flame was obtained. 











Candles per 










cubic foot 










per hour. 


Flat- flame burner 


(without 








Economiser) 




. . No. 


o 


• 0-59 


Ditto 






I 


• 0-85 


Ditto 






'7 


I '22 


Ditto 






3 


1-63 


Ditto 






4 • 


• 174 


Ditto 


' •? ' 




5 • 


187 


Ditto 






6 . 


. 2-15 


Ditto 






7 . 


• 2*44 



Sugg's ''Winsor" Burner is a flat-flame burner, 
provided at the bottom of the burner chamber with a screw 
regulator, by means of which the gas consumption can be 
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reduced to suit the gas pressure. Every variation in 
pressure necessitates a re-adjustment of the regulator, and 
these burners are therefore intended to be used where a 
governor is placed at the outlet of the meter. 

Sugg's •* Christiania " Burner is another flat flame 

burner provided with a self-acting governor with a screw 
on top of the gas chamber to regulate the consumption to 
any desired point. 

Iron Burners. — Flat-flame burners constructed of iron 
are still used for flames exposed to the open air, as for 
stalls and the outside fronts of shops. They will stand 
rough usage from rain and wind better than the finer grade i 
steatite or enamel burners, but the yield of light from them 
per unit of gas consumed is very low, and they also have 
the disadvantage of being liable to become blocked with 
rust. 



\ 
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CHAPTER XI. 

ARGAND, REGENERATIVE, AND VENTI- 
LATING BURNERS. THE ALBO-CARBON 
LIGHT. 



Argand Burners. — The Argand gas-bumer is a modifi- 
cation of the Argand burner for oil-lamps invented by 
Argand about a hundred years ago, and many of the earliest 
Argand gas-burners were, in fact, merely Argand oil-burners 
altered to gas-burners. A perforated top was fitted in the 
position previously occupied by the wick, and the gas was 
admitted through the oil-inlet. Those primitive burners 
have, however, long been superseded by improved forms 
invented by Mr. William Sugg. 

The City of London Gas Act of 1868 stipulated that "The 
gas referees shall prescribe the burner for testing the illumi- 
nating power of the gas, and it shall be such as shall 
be the most suitable for obtaining from the gas the greatest 
amount of light, and shall be practicable for use by the con- 
sumer." This proviso still remains in force, and the burner 
selected by the referees is "Sugg's London Argand No. i." 
The Argand burners commonly used by gas consumers 
differ slightly in their dimensions from the standard Argand, 
but a description of the latter burner will serve to illustrate 
the principles upon which all Argand burners are con- 
structed. 

Sugg's London Argand No. 1 is shown in sectional 
elevation in Fig. 22. The burner consists of an annular 
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hollow Steatite ring.(D) pierced with twenty-four holes for 
the passage of the gas, and connected with a metal body 
having three small supply tubes (A) and terminating 




Fig. '22. — Sugg's London Argand« 



m 



*^ the sodcet which is screwed upon the gas supply 
pipe. Above the supply tubes is a gallery (B) which cai ri^** 
a glass chimney (£) 6 ui. in height and I'g in. in iiitenml 
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Fig. 23.— Regenerative Argand Burner. 
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the products of combustion escaping from the flame. The 
burners are placed at a considerable height above the floor, 
and most of the light emitted from them is thrown in a 
downward direction. 

Burners for Illuminating and Ventilating. — The ' 

regenerative lamp is often made to assist in the ventilation 
of a room (fig. 24). A perforated metal case is placed 
around the upper part of the lamp, and has its upper 
end sunk into the space between the ceiling and the over- 
head floor. The waste products of combustion passing 
from the lamp into the flue create an up-draught, and 
increase the rate of flow of air through the room. The flue 
is carried in a horizontal direction between the ceiling and 
the floor overhead into a brick chimney, or into the open 
air. It is usually constructed of sheet iron, and must be 
carefully encased in non-conducting fireproof material. 
The initial cost of ventilating regenerative lamps of good 
quality is somwhat heavy, and lamps of this description 
have the disadvantage of requiring occasional cleaning by 
a skilled workman. 

For simultaneously lighting and ventilating large halls 
and theatres gas lamps of the " sun " or " sunlight " 
class are still extensively used. Strode's sunlight 
(fig. 25) may be regarded as a typical example of lamps 
of this kind. It consists of a number of flat-flame burners 
horizontally inclined and arranged in rings near the mouth 
of a ventilating shaft. The illuminating value per unit of 
gas consumed obtained from these burners is rather low, 
owing to the cooling effect of the upward current of 'air 
and the distance of the flame above the floor, but the 
general lighting eff*ect is good, and. where economy is not 
of the first importance they are often preferred to more 
economical burners. They are very simple in construction, 
and any of the burners which may become unfit for use 
may readily be replaced by new ones at very small cost. 

Different persons have different notions as to what con- 
stitutes effective lighting, but Professor Lewes, in the 
Cantor Lectures delivered in 1896, refers to some experi- 
ments made in that year by Major Scott Moncrieff on the 
suitability of various burners for illuminating the interior 
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of barracks and buildings of a similar chsracler, and the 
deductions made by Major Scott Moncricff from the results 
of his experiments may serve as a guide in estimating the 
amount of illumination required in other circumstatices. 

The barrack-room m nhich the experiments were coo- 
ducted was 40 ft. kug b\ -o ft v.-idc. and the 




Fig. aj.-Slrode's Sunlight Vemilating Bi 



light was fixed 8 ft. above the floor. The illumination on 
a horizontal plane 2 ft. above the floor was then determined 
by means of a specially -constructed photometer. The 
height of z ft. was selected as representing Ihe lowest level 
at which it would be necessary to be able to read printed 
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3. For reading-rooms, sergeants' messes, and other 
accessory buildings, the incandescent light is the best 
illuminant 

4. For places where the light source is some height above 
the floor, as in gymnasia, lecture-halls, and churches, 
regenerative lamps give very satisfactory results. 

Ventilating by Gas Flames. — ^When gas is required 

solely for ventilating purposes, it is immaterial whether a 
luminous or a non- luminous "atmospheric" flame be 
employed. Chemical laboratories, for example, are some- 
times ventilated by shafts in which gas burners are pro- 
vided to produce a strong upward current, and in such 
cases luminous and non-luminous flames are of equal value. 
Mr. Thomas Fletcher found that with a vertical flue 6 in. 
in diameter and 12 ft. in height a gas flame had the ven- 
tilating values indicated in the following table : — 



Gtta consumed 
per hour. 
Cubic feet. 


Speed of air 

current 
per minute. 


Total air 
exhausted 
per hour. 


Air exhausted 

per 

cubic foot of 

gas consumed. 


Temperature 

at outlet 

of flue. 

Normal 62° F. 

1 


I 
2 

4 
8 


205 

245 
325 
415 


2,460 
2,940 
3,900 
4,983 


2,460 

1,470 

975 
622 


82° F. 

92° F. 
1 10° F. 
137° F. 



The most economical speed of air current for a flue of 
these dimensions is, therefore, that of 200 ft. per minute, 
obtained by consuming gas at the rate of one cubic foot 
per hour. Mr. Fletcher concluded from his experiments 
that for each circular foot of section in a ventilating flue 
the consumption of gas should not be allowed to exceed 
5 cubic feet per hour. 

The Albo-Carbon Lig^ht. — Albo-Carbon is recrystal- 
lised naphthalene, one of the distillates obtained from coal 
tar. It is solid at atmospheric temperatures, but melts when 
heated to 174 deg. Fahr., a temperature considerably below 
the boiling point of water. In the albo-carbon lighting 
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The foliowing table shows the practical results yielded 
by the different burners : — ■ 

//liiiiiiiiatwn of a Barrack-room, 40 //, by 20 //., at a height 
of 2 ft. above the floor. 



Description oF 


1^ 


Illuniinaliun. 




16 

"■4 

iS 

16 

9 

4-3 




Two flat dame burners 6ttecl 


Iighte<f, nowhere posMble 
to read small print 6 ft. 
below gaslamp. 

About one-quarier the woili- 
ing space illuminated. 

Eight-lenlhs of working level 
effidenlly lighted. 

About one-quarler the wnrk- 
ingspaceeHtcientlyllghted. 


T*o Stott-Thorpe reflex liglits 
T«o Sugg's workshop lithts... 




Two-lbirds workirg space effi- 
ciently lighted. 
Pracically whole working 


Two Sehullte lamps 

Welsbach incandescent, with 
gUied conical reflectnr ... 



The following conclusions were drawn from the results 
of the investigation : — 

1. The present illumination of the barrack-rooms by 
means of No. 5 Bray burners is wasteful of gas and 
inefficient as regards illumination. 

2. The Bray burner may be retained if used with caps 
and grouped as in the " Stott-Thorpe " arrangement. 
This may in some cases be extravagant in gas, but the 
illumination is good, and the arrangement is not easily 
damaged, and ventilation is assisted. 
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3. For reading-rooms, sergeants' messes, and other 
accessory buildings, the incandescent light is the best 
illuminant 

4. For places where the light source is some height above 
the floor, as in gymnasia, lecture-halls, and churches, 
regenerative lamps give very satisfactory results. 

Ventilating by Gas Flames. — ^Wheu gas is required 

solely for ventilating purposes, it is immaterial whether a 
luminous or a non- luminous ''atmospheric'' flame be 
employed. Chemical laboratories, for example, are some- 
times ventilated by shafls in which gas burners are pro- 
vided to produce a strong upward current, and in such 
cases luminous and non-luminous flames are of equal value. 
Mr. Thomas Fletcher found that with a vertical flue 6 in. 
in diameter and 1 2 ft. in height a gas flame had the ven- 
tilating values indicated in the following table : — 



Gas consumed 

per hour. 

Cubic feet. 


Speed of air 

current 
per minute. 


Total air 
exhausted 
per hour. 


Air exhausted 

per 

cubic foot of 

gas consumed. 


Temperature 

at outlet 

of flue. 

Normal 62° F. 


I 
2 

4 
8 


205 

245 
325 
415 


• 

2,460 
2,940 
3.900 
4,983 


2,460 
1,470 

975 
622 


82° F. 

92° F. 
110° F. 
I3f F. 



The most economical speed of air current for a flue of 
these dimensions is, therefore, that of 200 ft. per minute, 
obtained by consuming gas at the rate of one cubic foot 
per hour. Mr. Fletcher concluded from his experiments 
that for each circular foot of section in a ventilating flue 
the consumption of gas should not be allowed to exceed 
5 cubic feet per hour. 

The Albo-Carbon Light— Albo-Carbon is recrystal- 
lised naphthalene, one of the distillates obtained from coal 
tar. It is solid at atmospheric temperatures, but melts when 
heated to i74deg. Fahn, a temperature considerably below 
the boiling point of water. In the albo-carbon lighting 
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system the naphthalene is melted by the waste heat of the 
gas flame, and is used for enriching the gas as it passes to 
the burner. Lumps ot albo-carbon are placed in a spherical 
metal reservoir fitted with a gas-tight screw cap. The gas 
enters the reservoir and passes through it to the burner. The 
flame raises the temperature of a copper conductor, 
which is located a short distance above it, and which is 
connected to the reservoir in such a manner that heat is 
rapidly conducted from the copper to the reservoir. In a 
few minutes the temperature of the reservoir rises above 
the melting point of the albo-carbon, and the gas flowing 
through the reservoir mixes with the naphthalere 
vapour, and its illuminating power is thereby increased. 
The burners used are flat-flame burners with very small 
orifices, such as are used for consuming oil gas, and, accord- 
ing to Butterfield, a light of 25 candles is obtained with a 
gas consumption of 4 j cubic feet per hour, and a consump- 
tion of o*o2 lb. of albo-carbon per hour. One albo-carbon 
reservoir may serve to supply a number of burners arranged 
in a cluster around it. A bright, steady flame is obtained, 
but the flame is more liable to smoke than the ordinary 
coal-gas flame, and more rapidly blackens the ceiling above 
it. The albo-carbon light is more economical than that 
obtained from flat coal-gas flames, but the trouble of 
periodically refilling the reservoir often prohibits its 
adoption, and of late years it has been largely superseded 
by the incandescent gaslight. 
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CHAPTER XII. 



INCANDESCENT GAS LIGHTING. 
Energy Lost in Generating Light.— In all artificial 

methods of generating light, other than phosphorescent 
light, more energy is expended in producing heat than in 
producing light. The large proportion of energy so wasted 
is indicated in the following table quoted by Professor 
Lewes in the Cantor Lectures of 1896. 

Percentage of energy transformed into : Heat. Light. 

Candles , 98 ... 2 

Oil lamps 98 ... 2 

Coal gas : — 

Fiat flame and argand... 98 ... 2- 

Regenerative 93 ... 6 

Incandescent S8 ... 12 ' 

Electric light : — 

Geissler tubes 97 ... 3 

Arc 90 ... 10 ■' 

Incandescent 95 ... 5 

Magnesium light 85 ... 15 

Sunlight 70 ... 30-' 

Glowworms, fireflies, and luminous beetles i ... 99 

Welsbach System of Lighting. — The foregoing 

table shows that a marked advance over all the earlier 
methods of generating light from gas has been made by 
the discovery of the Welsbach system of lighting. This 
system consists in heating to brilliant incandescence certain 
substances in a finely divided condition by means of a non- 
luminous gas flame. The luminosity of an ordinary 
luminous flame is due to the presence within it of solid 
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advanced to account for it, but none are entirely satisfactory. 
Mr. Swinton has proved that the same generation of hght 
does not occur if the mantle be heated in a vacuum tube, 
and it may therefore be assumed that one of the constitu- 
ents of the atmosphere, probably the oxygen, exerts an im- 
portant influence upon one or both constituents of the 
mantle when the thoria and ceria are mixed or com- 
bined in the required proportions. Dr. Bunte has sug- 
gested that the generation of light is due to intense local 
temperature produced on the surface of the mantle by com- 
bination of the hydrogen of the gas with atmospheric oxy- 
gen, brought about by the catalytic action of the ceria. He 
found by experiment that in the absence of ceria, chemical 
combination between hydrogen and oxygen, mixed in the 
proportion of 2 to i, did not occur below a temperature of 
1,200 deg. Fahr., whereas in the presence of ceria the com- 
bination took place at a temperature of 600 deg. Fahr. 
Thoria was found to have no influence upon the tempera- 
ture at which chemical action occurred. 

So far as is known, ceria will not act so efficiently as an 
excitant upon any other material as upon thoria, and 
although other materials may be used as excitants for 
thoria, none are so efficient as ceria. 

Many cases are known in which two substances will not 
enter into chemical combination unless a third body be 
present, which, however, itself undergoes no permanent 
chemical change, and the influence exerted by this third 
body is spoken of as " catalytic action." The cause of cata- 
lytic action is not yet known, and the term is scarcely more 
lucid than the fatuous phrase, "Nature abhors a vacuum," 
used by ancient philosophers to explain the water-raising 
power of the common pump. 

Pink "Sunlight" Mantles. — Other oxides than 
those of thorium and cerium have the power, when mixed 
in certain combinations, of emitting light when used in the 
form of mantles for gas flames. The pink ** Sunlight" 
mantle, which emits a golden-yellow light, consists of the 
oxides of aluminium and chromium; zirconia may also be 
added, but merely acts as a neutral constituent without 
affecting the lighting efficiericy of the mantle. Mantles o( 
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ure alumina or of pure chromic oxide have little or no 
ight emitting power, but when the two oxides are combined 
n certain proportions the mantle of mixed oxides gives a 
light efficiency of about eleven candles per cubic fool of gas 
consumed per hour. The chromium, however, appears to 
gradually volatilise under the high temperature of the flame, 
and in the course of a few weeks the light emitted by the 
mantle diminishes materially. 





'I Cotton Hood for Incandeicent Mantle (*) M»ntle Produced 

ManufflC ure. after BaniiDg off 

Fig. id. the Cotton *Dd 

subsequent tiim- 

Manufacture of Mantles. — To manufacture a manllc 
,r incandescent gas lighting, a network hood (fig. 26b) of 
itton or other vegetable fibre is soaked in a strong solu- 
on of the nitrates of thoria and ceria mixed in the most 
jitable proportions. The mantle is then passed throuf 
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a small wringer, dried, stretched into suitable shape on a 
wooden or glass mould, and then, with the aid of a gas 
flame, the cotton is ignited. The hood while burning 
shrinks considerably, and a fragile mantle of oxides is 
obtained ; the conversion of the nitrates into oxides is 
usually completed by heating the mantle over a blast flame, 
which also has the effect of strengthening the mantle. 
Finally, the mantle is trimmed (fig. 26b) with a knife around 
its lower edge to remove the ragged ends of the filaments, and 
is then **collodionised." 

The object of dipping the mantle into a solution of collo- 
dion, or some substance of a similar flexible nature, is to 
render it less liable to breakage when handled and during 
transport ; and as soon as the mantle is placed upon the 
burner and a flame applied to it, the collodion burns away 
and leaves the fragile network of oxides. 

Collodion Mantles. — Instead of making mantles by 
soaking cotton fabrics in solutions of the salts, they are new 
extensively manufactured by mixing the salts into a paste 
with collodion solution, then squeezing the paste into 
threads by passing it under pressure through capillary 
tubes, and finally weaving. the dried thread into a network 
hood similar in shape to that made from cotton fabric. 

When the collodion is burnt off*, the network of oxides 
forming the mantle may be distinguished from the mantle 
made by the use of a cotton hood by examination under 
the microscope. The threads from the collodion mantles 
appear like loose bundles of rods, while the threads from 
mantles made with cotton, after the cotton has been burnt 
off", have a fluted and more compact appearance. 

Shape of Incandescent Mantle— In this country 

mantles of the Welsbach shape are at present universally 
used, but in America the De Lery tassels, arranged in 
a circle around a rose burner (fig. 27), are also somewhat 
extensively employed. These tassels are, we believe, 
similar in composition to the Welsbach mantles, although 
they do not give so great an illuminating power per unit of 
gas consumed, but their effect is more pleasing to the eye, 
owing to the absence of the irritating glare common to 
mantles of the Welsbach shape, 
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Attempts have also been made to adapt incandescing 
bodies to Don-lumiDous flat flames. Fahnehjelm, of Stock- 
liolm, introduced (in 18S5) a comb consisting of a number 
of thin magnesia rods, set in a fireclay back, ha\-ing an 
iron frame. This comb (fig. 28) was suspended over the 
non-luminous flame. If water-gas were used the gas was 
consumed in a small Bray burner, but the comb was never 
very successful, owing to the volatility of the magnesia. 
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The "fringe" or "plume" subsequently invented ty 
De Mare was a somewhat similar device, but was more 
successful, owing to its being composed of non-volatiic 
rare earths having a greater light-emitting power and to 
the division of the material into finer rods or threads. The 
use of these rare earths, however. ■ — M-ntry 

held to be an inrringerncnt of a W 
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Value of Different Gases for Incandescent 

Lig^bting^. — It is often stated that the value of gas lor 
incandescent lighting is directly proportionate to its 
calorific power, and Mr. Foulis has published the following 
figures, which appear to support that statement, since the 
calorific value of plain coal-gas increases with the illumi- 
n«iting power : — 



Illuminating Power. 

Flat flame, corrected to 

5 cubic feet 

per hour. 

Candles. 

2yi 

17*9 

l6'2 

146 

i3'5 



Illuminating Power. 
Incandescent burner, cor- 
rected to 5 cubic feet 
per hour. 
Candles. 

117*3 

90'3 

87-9 

84-4 
81-9 



Dr. Bunte and Dr. Strachc have, on the other hand, 
j^hown that as high an efficiency for incandescent lighting 
may be obtained from gases of much lower calorific value, 
iis from coal-gas. Dr. Bunte experimented with coal-gas 
r.lonc and then with coal-gas mixed with certain other 
gases, and found that the addition of 20 per cent, of water- 
gas to the coal-gas does not diminish its efficiency for 
incandescent lighting, although it materially reduces its 
illuminating power for flat-flame lighting, and necessarily 
reduces its calorific value. The following are some of the 
results obtained by Dr. Bunte : — 

Welsbach 
incandescent 

burner. 
3*53 cubic feet 

per hour. 
Hefner candles. 
70*0 



Coal-gas 

Coal-gas, with 20 per cent, water- 
gas 

Coal-gas, with 20 per cent, carbon 
monoxid e 

( 'oal-gas, with 20 per cent, hydiogeii 

Coal-gas, with 20 per cent, marsh 
g-s 

Coal-gas, with 25 per cent, ethylene 

Coal gas, carbureted with benzol ... 



Slit burner. 

5:^ cubic feet 

per hour. 

Hefner candles, 

150 



3'i 

28 
7 3 

I2-S 

40 o 

25-0 



73-5 
59-5 

70*0 

61 -6 

95 '2 
75-6 
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The Hefner- Alteneck amyl-acetate lamp is extensively 
used in Germany as a standard of light, and a Hefner "n \ 
candle is equivalent to 0877 of an English standard )' 
candle. 

Dr. Strache has devised a number of incandescent 
burners for consuming plain water-gas, which is of about 
one-half the calorific value of coal gas. The water-gas 
flame being non-luminous, it is not necessary to mix air 
with the gas before the point of ignition, and Dr. Strache 
fmds that the plain water-gas is quite as efticient for 
incandescent lighting as coal-gas. In fact, it will be seen , 
from the following figures published by him that he claims 
a considerably higher efficiency for water-gas than for coal- 
gas:— 



Incandescent 
light. 


Consumption 

per 1,000 
candle hours. 


Heat 

developed pef 

1,000 candle 

hours. 


Oxygen 

consumed per 

1,000 candle 

hours. 


Water-pas 


Cubic feet. 
84-5 


• 

Calories. 

3.710 
11,970 


Cubic feet. 
24-6 
103 I 


Coal-gas 



J 



Dr. Strache claims for incandescent lighting with plain ^ 
water-gas that a very white light of great brilliancy is 
obtained, and that, compared with incandescent lighting 
with coal-gas, it has the advantage of emitting less heat , 
per unit of light, that less atmospheric oxygen is consumed 
and less carbon dioxide produced, and that as air is not 
mixed with the gas before the point of ignition, the flame 
can never " flash back." Also that, owing to the absence 
of hydrocarbons in the gas, the flams never smokes, and 
carbon is never deposited upon the mantle. 

It is evident, therefore, that the value of gas for incan- 
descent lighting as used at the present time is not solely 
dependent upon its calorific power, but that the flame 
temperature per unit of area must also be taken into 
consideration. Water-gas when consumed in an argand 
burner at the rate of 5 cubic feet per hour gives a flame 



ZOS GAS AND GAS FITTINGS. 

I in. in height whereas coal->gas consumed at the same rate 

igives a flame from 2 J in. to 3 in. in height. Hence a given 

area of water-gas flame may be of a higher temperature 

' than a similar area of coal-gas flame, although the total 

/ lieat of the coal-gas flame per unit of gas consumed is 

/ twice as great as that of the water-gas flame. 

Possibly a method may presently be discovered of 
causing the coal-gas to burn with a shorter flame (as it 
does in high-pressure systems), and a higher value for 
incandescent lighting be obtained from it. 

In a paper read at the Engineering Congress at Glasgow, 
in 1 901, Professor Lewes ascribed the high lighting efficiency 
of water-gas to the fact that it does not require admixture 
with air before the point of ignition, that the inner cone of 
flame formed in coal-gas burners is therefore absent, and 
that, consequently^ there is "little or no difference in the 
temperature of the outer zones of the flames in w^hich the 
mantle is heated." It is possible that this may be the 
correct explanation, but extensive experimental investiga- 
tion is yet required into the relationship between light and 
heat in the Welsbach system of lighting, and if it be found 
that the intensity of the light increases directly as ther 
temperature of the flame it may be possible to devise sl 
better method of using coal-gas than that at present ia> 
vogue. 
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CHAPTER XIII. 

INCANDESCENT GAS BURNERS. SELF- 

LIGHTERS. 

Burners with Chimneys. — In this country all public 

gas supplies consist of illuminating gas, and in order to 
produce a non-luminous flame which will not deposit soot 
upon the mantle, the gas is consumed in " atmospheric " 
burners of the Bunsen type. The gas under pressure is 
made to issue in one or more fine jets in an upward direc- 
tion into a vertical tube having holes formed in its sides 
near the base. The gas in its uprush draws air also into 
the tube through the side holes, and a mixture of air and 
gas flows to the head of the burner, and when ignited burns 
with a non-luminous flame. The efficiency of the flame so 
obtained depends upon the proportion of gas to air in the 
mixture, and the completeness of the mixing operation. 

In the earlier forms of Welsbach burners the proportion 
of air drawn into the tube was not sufficient to produce a 
non-luminous flame of the required shape unless a chimney 
were used with the burner to create an up-draught, and thus 
bring a strong current of air in contact with the surface of 
the mantle and flame. When the glass chimney supplied 
with burners of this description (fig. 29) is removed from 
the burner, the gas cannot obtain sufficient air for complete 
combustion until it has escaped through the network of the 
mantle, and a large proportion of the heat which should be 
utilised in bringing the mantle to an incandescent condition 
is lost. 

The proportion of air required for combustion of the gas 
varies with the richness of the gas in illuminating hydro- 
carbons, and consequently the length of the class chimney 
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I should be varied in accordance with the quality of tlie gas 



Lto be consumed. An Sin. chimney 



i of sufficie 



t length 



(for use with London i6-candle gas, while for 14-candle gas 
I 6-in. chimney would be suitable, 
jut with the 30-candle to ^fi-candle 
) supplied in spme parts of the 
of England and Scotland a 
or 1 2-in. chimney is required. 
Effect of Dust or Dirt on 
the Burners.— In the course of a 
few weeks a considerable quautity 
of dust from the mantle, ur from 
other sources, accumulates on the 
wii^ gauze of the burner, and on the 
gas nozzle near the air holes. The 
presence of this dlist ofieu reduces 
the light emitted by the mantle by 
fully 50 per cent. To remove the 
dusi, first take oft" the glass chimney, 
then lift the head of the burner off 
the Bunsen tube without removing 
the mantle from the head. Blow 
gently up the tube of the part 
removed iu order to blow the dust 
off the gauze, and then unscrew the 
Bunsen tube from the nozzle from 
which the gas issues, and remove 
the dust from the nozzle alsi. 
Then replace the parts in their 
original positions and relight the 
burner. The dust can be more 
readily blown from the gauze by 

„ first removing the mantle, but it 
is difficult to perform the latter 
operation without breaking the 
mantle. Whenever a new mantle 

the burner, the latter should first te 
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Deposition of Soot upon Mantles.— The deposition 

of patches of soot upon incandescent mantles is caused Ly 
imperfect combustion of the gas. Imperfect combustion i-* 
usually due to the burner being in a dirty condition, and 
consequently producing a flame having more or less 
luminosity. Even a very feebly luminous flame will speedily 
produce a deposit of carbon upon the mantle. By-pass 
burners, in which a small luminous flame is used to ignite 
the main flame without necessitating the use of a matrh, 
are often rejected on account of their liability to blacken the* 
mantles and to be extinguished by draughts. The small 
by-pass flame is often of sufficisnt size to come in contact 
with the mantle and to leave a black patch upon it. When 
burners without governors are used it is often impossible 
to avoid altogether this blackening, because the by-paFs 
must pass sufficient gas to prevent the flame being ex- 
tinguished when the pressure falls to its lowest point, and 
even when adjusted to the smallest dimensions under llie 
lowest pressure the flame becomes sufficiently elongated 
w^hen the pressure increases to its maximum point to come 
in contact with the mantle and blacken it. Another ob- 
jection to many by-pass burners is, that a slight but 
distinctly perceptible odour is often emitted from them 
owing to the fact that the gas issuing from the by-pass 
does not undergo combustion. A useful by-pass device 
which gives two completely non-luminous flames situated en 
the sides of the socket which receives the rod used to supp^jrt 
the mantle, and which are not easily extinguished, has 
recently been invented by Mr. A. Clarke. It is a marked 
improvement upon burners having a luminous by-pass jet, 
but has not yet come into general use. 

Chimneyless Incandescent Burners— In 1898 the 

Welsbach Company placed upon the market a new burner 
for incandescent gas lighting which did not require a glasM 
chimney. This burner is known as the "Welsbach- Kern" 
burner, and has attained great popularity. Bandscpt had 
introduced a chimneyless burner a few years earlier, whi< h 
was largely used for public lighting, but was not so Ker- 
viceable for domestic lighting as are the small sizes of the 
Kern burner. The use of burners without <" 
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made possible by effecting a thorough mixing of the gas 
and air in the most efficient proportions before the mixture 
reaches the point of ignition. The light efficiency per unit 
()f gas consumed obtained from the mantles when these 
Kern burners arc used is found to be considerably greater 
than tliat obtained from the older forms of chimney burners ; 
but owing to the hissing noise emitted by the chimneyless 
Ijurncrs many consumers still prefer the less noisy chim- 
ney-burners. It is stated that the production of a hissing 
noise is an indication that an excessive volume of gas is 
beinjj; consumed, and that the gas cock should be adjusted 
until the noise is no longer observable ; but in practice this 
procedure is often found to produce an immediate diminu- 
tion in the intensity of the light emitted. 

The effect of slightly increasing or decreasing the pro- 
portion of air to gas in the mixture issuing from the burner 
is shown in the following table published by Professor 
Lewes, who made a series of experiments with a chimney- 
loss burner. The gas supply was maintained at a constant 
rate under a pressure of ij in., and the .air supply was 
regulated as required. The gas used for the experiments 
was 1 6-candle London gas : — 



Condition 
of flame. 



Under nerated 
Best aerated . . . 
Over aerated... 



Pate of 



n 


ow. 


Gas. ] 
c. ft. 


Air. 
c. ft. 


4-5 


lO'O 


4'5 


1275 


4*5 


1525 




^ a u 

t g 

P M S 

SIS «_: 

S S 9 S> 



1880 
I915 
1905 



c 
c 
c 



It was found by experiment that i volume of the gas .re- 
quired 5^ volumes of air for complete combustion, and it 
is therefore evident that the best results are obtained with 
1 6-caridle gas when half the total quantity of air required 
for combustion is mixed with the gas before the point of 
ignition. 
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High-pressure Burners. — By increasing the pressure 
of the gas supplied to the burner and increasing the con- 
sumption, it is found that a higher illuminating value per 
unit of gas consumed can be obtained than with low- 
pressure gas, and for street lighting with lamps of high 
candle-power high pressure burners are being extensively 
adopted. Most of the high-power burners can be used 
without chimneys, but require a glass guard to protect the 
mantle from wind and the gaslighter's torch. 

The Welbbach-Kern High-pressure Burner. — 

This burner closely resembles the Kern burner used with 
gas under ordinary pressures, and can readily be taken to 
pieces for cleaning (fig. 30). The burner is intended to be 
used with gas supplied under a pressure of 8 in. to 10 in., 
and is said to give a light of 30 to 35 candles per cubic foot 
of gas consumed per hour, as compared with a light of 
20 to 25 candles per cubic foot obtained with the ordinary 
Kern burners. With a consumption of 10 cubic, feet of 
gas per hour the high-pressure Kern burner is said to yield 
a light of 350-candle power. 

At present gas is commonly supplied under a pressure 
of less than 3 in., and for high -pressure systems it is neces- 
sary to use compressing apparatus to raise the pressure 
to 10 in. or 12 in. When calculating the cost of a high- 
pressure system of lighting the cost of the compressing 
apparatus must be included. 

There is, however, no reason why the gas companies 
should not be called upon to increase the pressure of the 
public supply to 10 in., since with the aid of inexpensive 
governors the consumer can readily reduce the pressure to 
any desired point; and it has been repeatedly demon- 
strated that by the use of suitable mains and fittings gas 
can be distributed under this comparatively high pressure 
without undue loss by leakage. 

The Self - Intensifying Kern Burner. — The 

Welsbach Company claim that results almost equal to 
those obtained with high-pressure gas can be obtained 
with gas under low pressure when consumed in the Self- 
intensifying Kern burner. This burner (fig. 31) is intended 
for use in the lighting of streets or industrial works. It 
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Compressingf Apparatus. — To raise the pressure of 
the gas supplied to the burner to the lo or 12 in. required 
for high pressure gas hghting many devices have been 
adopted. In the Scott-Snell lamp the waste heat from the 
burner is employed to actuate a novel compressing apparatus 
which is located a short distance above the mantle ; and in 
other systems, motors actuated by water supplied from the 
street mains are used. In the latter case the cost of the 
water must be taken into consideration when estimating 
the cost of the light, and it is usually found with all high- 
pressure systems that the mantles have a shorter life than 
when used with gas supplied under low pressure. 

Anti- Vibration Devices. — When incandescent gas 
lights were first used for street lighting it was found that 
the number of mantles broken by vibration and shock 
caused by the passage of heavy vehicles over the roads 
was so great as to almost prohibit their employment in 
the main thoroughfares. A number of anti- vibration 
devices were, however, soon invented and placed on the 
market, and some of these are now extensively used. 
They are mostly of simple construction and depend upon 
the interposition of some description of spring between the 
burner and the gas supply pipe to which it is attached. 
Those which depend upon the elasticity of india-rubber 
should be avoided, since this material perishes with com- 
parative rapidity, and is affected by changes in the 
temperature of the atmosphere. 

Advantag:e of Incandescent Lights over Lumi- 
nous Flames — The principal objections to the use of gas 
are: — (1) The heat generated is out of proportion to the 
light obtained ; (2) The flames are usually more or less 
smoky, especially in draughty situations, and quickly blacken 
the walls and ceilings ; and (3) The withdrawal of oxygen 
from the air and the formation of carbon dioxide by com- 
bustion of the gas is prejudicial to health. The luminous 
flames most commonly used are flat flames or argand flames 
burning not less than 5 cubic feet per hour, and having an 
illuminating power of about fifteen candles. When these 
are replaced by incandescent burners, it is usual to introduce 
a burner giving a light of sixt;y caudles iov a gas consimiptioi\ 
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^^■' of 3'5 cubicfeetperbowforei'enf 15-C 

^^B in use. Cousequently, a better ligjbt is oteniwd, tbc g 

^^M coiisumptiou is reduced jo per cetiL, less beat is genenUed, 

^H and, owing to the use cf a wki-Iuhuikkis flame as wdl as 

^H to the reduction iu the mnperaturc of ibc air and products 

^H of combustion rising horn the burner, tbe ceilii^ are less 

^H rapidly blackened. 

^B Od the other hand, the mautles for iriuch tbe high retail 

^M charge of jid. is at present nude in this coimtiy require 

H renemng periodically, and in some bouseboMs are a ««»- 

H slant source of trouble. 

Umil mantles less fragil; than those at present numu- 
factured are introduced the incandescent system canaot be 
regarded as altogether satisfactory, but great fsx^ress has 
been made since 1S86, when Welsbach's earliest mantles 
were placed on the market, and there is every reason to 
believe that other improvements equally imp>ortaiit may be 
made within tbe present decade. 

Avoid Powerful Lights of Small Area.— The use 
of points or surfaces of small area from which light of 
great intensity is emitted should be avoided as much as 
possible in alt sj^tems of lighting. A 6o-candle power 
light emitted from an area of i in. is more irritating to the 
eyes, and less serviceable for illuminating purposes, than a 
light of the same total value emitted from an area of, 
say, 6 in. Two No. i Welsbach-Kem burners fitted in 
suitable positions with good diffusive shades will effect- 
ively illuminate a dwelliog-room of moderate size (say, 
aaxiSX 10 ft.), although each burner consumes only 1-5 
cubic feet of gas per hour, and has an illuminating power 
of probably only twenty-five candles; whereas a single 
burner having an illominating power of seventy candles, 
and used without a shade, will be found to brilliatitly 
illuminate one portion of the room while another part is 
left in comparative darkness. The fact that the two small 
burners have a total illuminating power of only fifty candles 
for a consumption of 3 cubic feet, while the larger burner 
gives a light of 70 candles with the same rate of gas 
consumption, does not necessarily prove that it is better 
lo us? the single burner instead of the two small 1 
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The electric arc light has a high illuminating power, but uo 
one would select it for the illumination of dwelling-rooms, 
since it possesses in a marked degree the feature which it 
is most desirable to avoid— />., it emits an intense light 
from a very small light-emitting surface. 

Self-Li£^hters. — When a stream of coal-gas is allowed 
to come in contact with freshly-prepared platinum black, 
or spongy palladium in the presence of air, the coal- 
gas becomes ignited. Many attempts have been made to 
utilise this property of platinum and palladium to enable 
gas to be lighted in daily practice without the aid of a 
flame. To present a large surface of the platinum black 
to the gas it has been incorporated with, or deposited upon, 
pumice, asbestos, meerschaum, and other substances 
of a like nature, and nodules of the composition thus 
prepared have been attached to suitable supports and 
suspended over the burner. In some cases when the 
*'self-lijhter" has been used with incandescent mantles, a 
portion of the mantle itself has been coated with the 
sensitive platinum. These devices often work well for a 
time, but have not hitherto been reliable. They frequently 
refuse to ignite the gas after they have been in use for a 
short time, and even when they work satisfactorily in the 
summer months they usually fail in frosty weather. 
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CHAPTER XIV. 

SHADES, CHIMNEYS, REFLECTORS, AND 

GUARDS. 



Flat-Flame Shades and Globes. —Shades arc usually 

placed around gas-flames to produce greater diffusion of 
the light, to prevent the irritation caused by exposure of 
the eyes to direct rays of light from the naked flames, and 
to give a more pleasing appearance to the apartment 
illuminated. 

All shades offer a certain obstruction to the passage of 
light, but the proportion of light obstructed varies accord- 
ing to the shape of the shade and the material of which it 
is constructed. 

Mr. W. King found that when No. 3 fish-tail burners 
were employed, globes of different descriptions obstructed 
the passage of light in the proportions shown in the 
fcllownng table : — 

Less of Light. 

Clear glass globe io'57 per cent. 

Ground ,, ,, 2948 ,, 

Smooth opal ,, S^'^3 

Ground ,, ,, 5585 

Ground opal with painted figures 73'9^ 






The obstruction exerted by glasses of different descrip- 
tions and thicknesses is shown in the following table of 
^ results, obtained by Mr. F. H. Storer and published in 
. Silliman's American Joi^rnal of Science and Arts. He 
placed sheets of thp various glasses at a distance of 3 ft. 

I 
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Tom the Argand bum^ in which the gas was cDasamed 
md .ietermmed th2 loss of light in each case : — 



Thivk Engiiah pia£;^ i in. 615 percent 

Cnsiai pUte k ,» 8-6r „ 

EiUjliah .:rowa ^ „ 13*08 „ 

Double Engtish f^iadjw glass ^ v> 9*39 r» 

IJouhle German ^ ,, 1303 „ 

Single (German rV » 4'27 ». 

Dout>le (jerman groantl J „ 62'3|. „ 

Single I iermaa tV t» 65*75 *- 

Berkbhixe Mass.; ^^^ „ 627*4 „ 

Berkshire enamelled* ^... ^^ „ 51*23 „ 

Orange cjloure. I window glass 1** » 34*4^ t» 

Puri)le ,, „ „ I „ 85-11 

R^y »T „ „ ^ n 89*62 „ 

^reen „ „ „ -^ ^ Sl-gi „ 

A porcelain transparency ^ >• 97*68 » 

* Gonad only on paruans of its snrfiKe. 

Mr. Storer tfiought that the percentage of light obstructed 
remained the same whatever the distance between the 
illuminant and the glass screen ; bat in the year iSSi, the 
late Mr. Hartley contributed a series of papers on *' Obser- 
vations on Glass as an Obstructor and Reflector of Artifi- 
cial Light^*' to the Journal of Gas Ligktingy in which he 
gave the results of a long series of experiments he had 
conducted with both Argand and flat flames to ascertain 
the inflaence of different kinds of globes upon the light ob- 
tained in a horizontal and in a downward direction, and he 
found that the greater the distance between the flame and 
th3 glass, the greater was the propDrtion of light ob- 
structed. Hartley's papers are worthy of careful study by 
manufacturers of gas shades, and the general conclusions 
he drew from the results of his experiments, and enume- 
rated in the following order, may serve as a useful guide 
in the selection of shades for different purposes : — 

Horizontal Lighting : Sheet Glass* 

1. That ordinary sheet glass, apart from thickness, 
varies in its obstructive power to the passage of light. 
That the percentage loss increases with the distance of the 
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glass from the flame, and increases also as the light grows 
stronger, 

2. That ground sheet glass, apart from thickness, also 
varies in obstructive power. That the percentage toss 
increases with the distance of the glass from the flame, 
and decreases as the tight grows stronger. That the per- 
centage loss depends on which side, clear or ground, is 
presented to the flame. 

3. That with flashed opal the losses follow the same law 
as ground glass for distance from, and for power of light. 

4. That with clear glass as an obstructor of light in front 
of the flame, and clear glass behind the flame as a reflector 
of light, the reflected light reduces the loss to a degree 
dependent on the distance of each glass from the flame. 

Globes. 

5. That a clear glass globe obstructs light from an 
Argand flame, but increases the sensible light from a flat 
flame. 

6. That globes of ground glass obstruct less light than 
sheets of ground glass. That the percentage loss dimin- 
ishes as the light grows stronger; and is, for an average 
light, from 18 to 20 per cent. 

7. That opal globes obstruct an amount of light equal to 
33 to 65 per cent. 

Overhead Lighting. 

8. That the amount of light yielded by a flame in an 
angular direction is much less than it yields in a horizontal 
direction. 

9. That glass globes with elevated or overhead Argand 
flames reduce the power of the light — clear globes about 
3 per cent. ; ground globes, about 2 1 per cent. ; and alba- 
trine globes, about 23 per cent. 

10. That glass globes with flat flame burners, at a 
certain elevation and within a certain radius, increase the 
power of the light — clear globes, about 6 per cent.. ; 
ground globes, about 9 per cent. ; albatrine globes, about 
23.per cent. ; and German opal globes, about 21 per cent. 

11. That reflectors greatly increase the power of the 
light, within a radius dependent on the shape and size of 

\ 2 
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the reflector ; the range in the experiments being frcm 52 
to 92 per cent. 

1 2. That screens at the hase of an Argand flame cause a 
reduction in the power of the light, whatever be the size 
and form of the reflector. 

It is especially noteworthy that when the shades are 
used on overhead burners, as is usual in practice, the loss 
of light occasioned by their employment is not nearly so 
great as that indicated by the early experiments of King 
and Storer, who measured only the light obstructed in a 
horizontal direction. 

The shape of the shades is a matter of considerable im- 
pr.rtancc. Globes with narrow openings at top and bottcm 
>/cre i\t one time ahnost universally' used, but are now 





Fi£, 32.— Flat-flame Shades of Bad Shape. 

recognised as the worst form of shades for flat flames that 
could be devised. The contracted openings cause the 
globe to act as a chimney, the heated air and products of 
combustion escaping through the small opening at the top 
of the globe cause a strong draught of cold air to be drawn 
through the narrow opening at the bottom and brought in 
contact with the flame, with the result that the flame is 
constantly flickering, and, owing to the cooling action of the 
current of air, emits less light. 

In some cases the shade is made with a more open top, 
while the narrow opening at the bottom is retained. Such 
shades are less objectionable than those with a narrow 
top, but still cause flickering of the flame, and are not so 
good as those with an opening 4 in. or 5 in. in diameter at 
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both top and bollom. Two of the old forms of shade are 
shown in fig. 32, while more modern shapes, with large 




Fig 3" -Flat llam' ShidiM of Good S^'ape 
op;nings at top and bottom are shown in fig 33 



The 



"shades cf g od t>hape apphed to the shades depicted 
'" fig- 33i applies only to the openmgs at top and bottom. 
The lower jortions of the shades reflect the I ght in an 
upward direction and unless these lower portions are 
constructed of clear glass an appreciable proportion of the 
light emitted from the flame is lost 

Holophane Shades —A new type of shade designed 
by Psarondatrt and Blondel, has been placed on the 




Fig 34 — Holophane Shade. 
market under the name of the Holophane globe or 
?)iatle. (Fig ^4) 
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draughts and dust to a greater extent than when chimneys 
of ordinary shape arc used. Glass screens are manu- 
factured in a variety of patterns to surround the lower part 
of the bulb, and the bulb has then a very pleasing appear- 
ance. These ** Jena *' bulbs are not, of course, intended to 
be used with the chimneyless burners. 

Chimneys. — Chimneys are required with Argand 
burners and with certain descriptions of incandescent 
burners, because the flames from these burners would 
otherwise be of long, irregular shape and would be too 
unsteady for lighting purposes. The gas issuing from the 
bunicr-hcad under low pressure does not induce sufficient 
air to flow towards it to cause oxidation to proceed with 
the required speed, and the flame becomes elongated 
owing to the greater distance it has to travel before 
meeting with the volume of air necessary for complete 
combustion. Immediately a chimney is placed upon the 
burner an upward current of air comes in contact with the 
llanie, and causes combustion to take place more readily, 
with the result that the flame becomes shorter and more 
rigid. The proportion of light obstructed by glass 
chimneys varies with their thickness and colour. Chimneys 
made of glass rods have the advantage of causing better 
diff'usion of the light than plain glass chimneys, but this is 
counterbalanced by their greater liability to break and the 
greater difficulty experienced in cleaning them. 

Mica chimneys are extensively used for incandescent 
burners, and have the advantage of being practically un- 
l)rcakable, but they obstruct a considerable proportion of 
the light. Chimneys made of mica of inferior quality are 
liable to become ragged and unsightly and to obstruct fully 
25 per cent, of the light emitted from the mantle or flame, 
but a mica chimney of good quality will remain in good 
condition for an indefinite period, and should not obstruct 
more than 1 5 per cent, of the light. 

Reflectors. — The object of reflectors is to obstruct the 
passage of light thrown in those directions in which it is 
not required, and to send it into the field to be illuminated. 
Mirrors and polished metals are excellent reflectors but 
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bad diffusers of light and are not agreeable for indoor 
illuminatioa, although most valuable when the light has to 
b2 concentrated into one strong beam, as in searchlights. 
Reflectors made of opal or thin porcelain have a much 




I-'ig. 36-— Guards for Naked Fliimi 
a. Without Top-pla'e. 
h. Willi Top-plate. 

more pleasing effect for indoor use, and may ii 
light thrown in any particular direction by fully 60 per cent. 
The angles of inclination of the sides of reflectors were at 
one time very frequently made too acute, g portion of Ui^ 
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light from one side of the reflector being thrown upon the 
opposite side, instead of upon the object to be illuminated, 
but the advantage gained by inclining the sides at. more 
obtuse angles is now generally recognised. 

The most agreeable form of light is that obtained 
entirely from diffused reflected light, the sources of light 
being entirely concealed from sight. This method of 
lighting is extravagant, but where the ceiling is white 
and the walls are covered with paint or paper of a light 
tint the cost need not be prohibitive. 

Guards for Naked Flames.— In many cases where 
naked flames are in use the risk of fire may be materially 
reduced by the employment of wire guards (fig. 36). 
When the flames are less than 3 ft. from the ceiling the 
wire guards should be provided with covers of sheet 
metal (fig. ^6 b). 



CHAPTER XV. 
GAS FIRES. 

Lumiaous and Non- Luminous Fires —Gas firea 

may be divided iuio two classes — {i) those fitted with 
"atmospheric" turners, in which air is allowed to mix 
with the gas before the point of ignition ; and (2) those 
fitted with burners to which air is not admitted before the 
point of ignition, and which therefore produce luminous 
names. The heat produced per cubic foot of gas consumed 
is precisely the same in the two classes of fires, provided 
that the gas be consumed under suitable conditions, but 
the admixture of air before the point of ignition not only 
renders the flame noii-lumiuous, but makes it much 
shorter, and the heat of combustion is therefore concen- 
trated in a smaller area than in a luminous fiame. 

Radiated and Convected Heat— Radiant heat is 

that form of heat which is transmitted from one body to 
another without materially raising the temperature of the 
atmosphere through which it passes. Convected heat is 
heat conveyed by particles of heated air or other similar 
medium. Rooms heated by convected heat alone («>., by 
hot air, steam, or water pipes) are never so comfortable as 
those heated by the radiant heat from an open coal or coke 
fire. The temperature may be raised inore economically 
by convected heat than by radiant' heat, but the inhalation 
of heated air is prejudicial to health, and the walls of 
rooms heated by convected heat remain at a comparatively 
low temperature, and absorb heat from the human body. 
In rooms well heated by radiant heat the atmosphere 
remains comparatively cool, wEiile the walls and furniture 
are raised to a temperature sufficiently high to prevent 
them abstracting heat from the body and producing a 
sensation of chill. Warming by radiant heat alone is, 
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ducts of combustion are conducted through suitable tubes 
or chambers to utilise as much heat as possible before 
allowing them to escape into the flue, reflecting stoves form 
very efficient heating agents. They are less liable to get 
out of order and are more readily rei>aired than fires with 
** atmospheric " burners. As the flames never come in 
contact with any cool surface, they do not, as a rule, evolve 
any disagreeable odour or poisonous incomplete products of 
combustion, but they should, nevertheless, be connected to 
a flue. The temperature of the combustion products as 
they enter the flue should always be sufliciently high to 
feel hot to the hand. If cooled to atmospheric tempera- 
ture, water would be condensed in the stove, and the 
remaining combustion products, being heavier than air, 
would probably fail to rise to the top of the flue. 
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CHAPTER XVI. 

COOKERS, WATER HEATERS, GEYSERS, 
AND GREENHOUSE BOILERS. 

Cookers. — Gas-cooking appliances are now universally 
used in all towns provided with a public gas supply, and 
vary in size from the small griller used in workmen's 
tenements in conjunction with the penny-in-the-slot meter 
to the imposing '^ cookers/' over 6 ft. in height and in 
width, used in many hospitals, hotels, and business 
premises where meals have to be provided for several 
hundred persons. For a long period an unreasonable pre- 
judice existed amongst the general public against the use of 
gas for cooking, but this has gradually been overcome, and 
gas is now recognised as a more perfect cooking agent than 
coal. The fact that gas-cooking appliances have been 
introduced into a great number of hospitals and asylums 
has satisfied the general consumer that the use of gas for 
cooking will not result in his untimely decease, and the 
number of cooking-stoves lent out on hire by gas companies 
has increased rapidly during the past few years, the total 
number of cookers in use in the United Kingdom being 
now over 800,000. 

A glance through the catalogues issued by the principal 
firms of gas stove manufacturers will show that cookers 
are now made to meet almost every conceivable require- 
ment, but space cannot be devoted to a detailed description 
of these in the present volume. The ovens should be 
provided with a jacket or case filled with slag wool or other 
suitable non-conducting material to economise the heat as 
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much as possible, and the interior of the oven should be 
enamelled to render cleaning less troublesome. 

The Odour emitted from Gas Stoves. — ^Whena 

gas flame comes in contact with, or in very close proximity 
to, a cold surface, the flame becomes cooled and emits a 
disagreeable odour, owing to the fact that incomplete com- 
bustion of the gas then occurs. With many stoves and 
fires this odour is perceptible for the first few moments 
after lighting, but is no longer emitted when the stove 
becomes hot. A similar odour is emitted when the flame 
flashes back and burns within the mixing tube, owing to 
the occurrence of incomplete combustion caused by the 
cooling action of the metal tube and the limited volume of 
air admitted to the flame. When a cold sheet of metal, 
such as the bottom of a kettle filled with cold water, is 
lowered into a flame the odour is at once perceptible, and 
continues to be emitted until the metal becomes sufficiently 
hot to allow the flame to rise again to the temperature 
necessary for complete combustion. 

A frequent cause of unpleasant odours from cookers is 
the accumulation of dirt or grease upon them. Unless a 
cooker is kept scrupulously clean, it is certain to emit a 
disagreeable odour immediately the fatty matter becomes 
strongly heated, and in many cases the odour is distributed 
over the building by the down-draught from a defective 
flue. Gasfitters frequently assure their employers that a 
flue for a cooker is quite unnecessary, but it is a foolish 
practice to use any appliance consuming a large volume 
of gas without providing means for the removal of the 
combustion products. 

Position of Flue. — The flue should, where possible, 
be carried from the stove into an existing chimney having 
a good natural up-draught. If the flue be carried through 
a side wall of a room which also contains a chimney, the 
up-draught of the chimney is apt to produce a <*pull" 
on the wall orifice and draw air, together with the 
ascending products of combustion, down the stove flue 
instead of allowing the combustion products to escape. 
A flue of this description is worse than useless. With 
an efficient flue and a clean cooking range, with flames. 
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not too close to cold surfaces, a gas cooker is as free from 
smell as a coal fire. 

Water Heaters and Geysers.— When coal gas is 

consumed under the best conditions carbon dioxide is 
formed, and as this gas is not a supporter of animal life, it 
should be conducted from the room by an efficient flue. 
When a coal-gas flame is cooled by contact with a cold 
surface, an intensely poisonous gas, termed carbon mon- 
oxide, is formed, owing to the fact that complete oxidation 
of the carbon in the decomposing hydrocarbons is not 
effected. Carbon dioxide, the product of complete combus- 
tion, will not support animal life, but it does not possess 
the poisoning activity exerted by carbon monoxide. Carbon 
monoxide has no odour, but when incomplete combustion of 
the gas occurs other products are simultaneously formed 
which emit a very penetrating odour and give warning that 
the poisonous carbon monoxide is being generated. The 
" smoke " from a coal fire contains both carbon monoxide 
and carbon dioxide, together with a number of objectionable 
compounds which are not present in the products of com- 
bustion from the purified coal-gas supplied in our towns, 
but if the visible " smuts " were not present in coal smoke, 
there is little doubt that a grate would soon be placed on 
the market with the assurance that coal might be consumed 
in it with perfect safety in a room not provided with a 
chimney. Some water heaters are used in bathrooms 
without any flue, and do not evolve any perceptible odour ; 
while others always produce a disagreeable smell, and have 
upon several occasions been the cause of death to persons 
exposed to their influence. In the former cases complete 
combustion of the gas is eff*ected, while in the latter 
the combustion is not complete. The fact that bath 
water heaters are often used in small rooms without 
exerting any apparent prejudicial influence does not neces- 
sarily prove that the combustion products are harmless 
even when complete combustion occurs, and as it is 
known that carbon dioxide is not a supporter of animal 
life, it is a wise precaution to always provide means 
for its withdrawal in such small rooms as bathropmg of 
average size. 
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taking place when the main gas burners are Hghted. These 
water heaters are not intended to actually boil the water, 
but merely to rapidly raise it to a scalding hot tempera- 
ture. The rate of gas consumption is necessarily high, but as 
a large volume of water is heated in a few minutes, it is not 
usually necessary to keep the gas burning for a long period. 
With the " Gulf Stream " water heater the consumption 
is 70 cubic feet per hour, but hot water will be delivered 
from it in two minutes after the time of lighting and will 
continue to be delivered as long as the gas is kept burning. 
The rate of water flow and the rate of gas consumption are 
simultaneously regulated by manipulating the handle. 

In some cases baths are heated by gas burners placed 
beneath them, the water being made hot while the bath is 
being filled. This arrangement is apt to damage the bath 
and is much inferior to a good geyser. 

Boilers. — For heating water to a boiling condition with 
the aid of gas, boilers are made in all sizes in copper or 
galvanised iron. They are sometimes fitted with cross 
tubes around which the flames and hot products of com- 
bustion pass, and then form, in fact, a description of 
multitubular boiler; and although when first lighted they 
may evolve the disagreeable odour due to incomplete com- 
bustion, the odour ceases to be emitted as the temperature 
of the tubes increases. With a good boiler 10 gallons of 
cold water may be boiled in half an hour with a consump- 
tion of 25 cubic feet of gas. 

Green tiouse Boilers. — Gas is not an economical agent 
for heating large greenhouses, but it is exceedingly useful 
for maintaining a uniform temperature of any required 
degree, and for small greenhouses its cost is not as a rule 
prohibitive. The products of combustion must not be 
allowed to accumulate in the greenhouse, as they exert a 
prejudicial influence upon plant life. The sulphur com- 
pounds, which appear to be the most injurious, may, 
however, be eliminated to a considerable extent by the use 
of condensing stoves, and these are often used in green- 
houses without a flue. 

In order to heat a greenhouse uniformly it is necessary 
to use hot water or steam circulating pipes. A cagt-ir 
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apparatus suitable for heating water pipes known as Arden 

Hilfe " Acme " Greenhouse Boiler, is shown partly in 
section in fig. 42. It is equally adapted for the heating of 
conservatories, workshops, or halls. The cross tubes are 
heated by the ascending current of hot combustion products, 




and a higher heating efficiency is obtained than when an 
ordinary boiler is employed. 

In every description of gas heating apparatus the burners 
and the heated metal must be kept scrupulously clean, and 
the flames should not be allowed to come in contact with a 
cold surface. 
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CHAPTER XVII. 

GAS-ENGINES. GAS-HEATED INDUS- 
TRIAL APPLIANCES. 

Gas-Eng^neS- — Gas-engines are now extensively used 
in all large towns for driving circular saws, lathes, drills, 
and all the tools to be found in carpenters', engineers', 
or smiths' workshops which are capable of being worked 
by mechanical power. For these purposes engines of low 
horse-power are used, while the larger engines are princi- 
pally employed for driving dynamos for the generation of 
electricity. 

The practical utility of the gas-engine may be said to 
date from the j^ear 1876, when the Otto engine was intro- 
duced into this country, but for a long period after this date 
it was thought to be impossible to construct gas-engines 
of high horse-power. Within the last ten years it has, 
however, been discovered that by improving the design of 
the cylinder liner, the piston, and the valves, so that they 
may all be efficiently water cooled, engines of almost any 
power may be constructed. Quite recently the American 
Westinghouse Company have constructed an engine of 
1,500 B.H. P. (brake horse-power) for use with the natural 
gas found in the United States, and it is believed that it 
will be possible to make them of fully double this power. 

In this country the greatest number of engines are used 
with ordinary town (illuminating) gas, and are of low 
power. Many of the gas companies allow a considerable 
discount when a large quantity of gas is used for power 
purposes, and the small ground space occupied by gas- 
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engines as compared with steam-engines is a factor of con- 
siderable importance in large towns. According to Mr. 
Bryan Donkin the number of gas-engines in use ic the 
United Kingdom at the commencement of the year 1897 
was 25,700, of which 4,600 were working in London, and 
the engines varied in size from half- man power to 100 h.-p^ 
Of these 50 per cent, were estimated to be below 5 nominal 
horse- power, and 25 per cent, between 5 and 10 h.-p., the 
remaining 25 per cent, being larger sizes. A considerable 
increase has, however, occurred since 1897 both m the 
number of gas-engines employed and in the sizes in which , 
they are constructed. The use of cheap power gas, such 
as Mond gas, Dowson gas, or water gas, is rapidly extend- 
ing, with the result that even large steam engines of 
several hundred horse-power are gradually being rejected 
in favour of engines driven by gas. Messrs. Brunner, 
Mond, & Co., for example, have gas-engines of 500 and 
650 h.-p. respectively working in connexion with their 
electrolytic plant in Cheshire, and several municipal 
authorities are using gas-engines of over 100 h.-p. for the 
generation of electric light. 

The cost per brake horse-power of running a gas-engine 
varies with the price of the gas, the heating power of the 
gas, the description of gas-engine employed, and the 
size of the engine ; but the following table may serve to 
convey an approximate idea of the working cost of one of 
lo-h.p., taking town coal gas at 3s., water gas at 4d., and 
Mond gas at 3d. per 1,000 cubic feet : — 





Heating vak 


le Gas consumed 


Cost per 


• 


of gas, 


per b.h.p. 


b.h.p. 




B.T.U. 


per hour. 


per hour. 


*^ 


per c.-ft. 


C.-ft. 


Pence. 


Town gas 


. . 624 


.... ^ w .... 


072 


Water gas 


.. 304 


.... 4^ .... 


o*i6 


Mond gas 


•• 155 


«... ou .... 
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Water gas can be manufactured by the Dellwik process 
at a cost of about 3|d. per 1,000 cubic feet delivered in the 
gasholder. The water gas plant does not occupy much 
ground space, and where not less than 500,000 cubic feet 
are consumed per day the gas can be manufactured and 
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consumed on the works, in lieu of town gas, with great 
economy ; but water gas cannot be distributed over large 
areas at so low a cost as 3|d. or 4d. per 1,000 cubic feet. 

Mond gas has only about one-half the heating value of 
water gas, but can be manufactured at a cheaper rate. 
Parliament has recently sanctioned the formation of a 
company to undertake the supply of Mond gas, or other 
similar fuel gas, to a number of towns in Staffordshire at a 
maximum price of 3d, per thousand cubic feet to consumers 
taking not less than 16 million cubic feet per annum, 
and 4d. per 1,000 cubic feet to those consuming less than 
this quantity. The company may refuse to supply any con- 
sumer requiring less than 4 million cubic feet per annum. 
Whether Mond gas is as suitable for distribution for power 
purposes as water gas is a matter of dispute, but should 
the operations of the Mond Company prove a financial 
success there is little doubt that the use of steam as the 
motive power for stationary engines of less than 100 h.p. 
will soon be almost completely abandoned in this country. 

Steam versus Gas. — Although, even with the best 
modern gas-engines, from 70 to 75 per cent, of the heat 
developed by combustion of the gas is lost, the proportion 
of heat wasted by the employment of steam-engines is yet 
greater. Bryan Donkin gives the following table of heat 
efficiencies, heat efficiency being the ratio of heat turned 
into work to the total heat received by the engine : — 

Percentage Proportion of Heat Converted 

into Work. 

Agent employed Engine of Engine of Engine of 

to Work Engine. icoh.-p. 50 h.-p, 10 h«-p. 

Steam ... 12*5 ^'^ 4*0 

Lighting gas... 25*5 23*1 21*2 

Water gas ... 235 18.7 13*3 

Dowson gas* 23-5 187 I3'3 

The proportion of heat converted into work by a loo-h.p. 
gas-engine is therefore about double that converted by 

* Dowson gas closely resembles Mond gas in composition and 
beating power. 
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a steam-engine of the same power, and with engines of 
lower power the relative economy of the gas-engine is yet 
greater. 

Gas for Electric Lighting—Gas-engines of from 

6-h.p. to 14-h.p. are extensively used for driving dynamos 
for private electric-lighting installations ; while gas-engines 
of over loo-h.p. are used for municipal electric-lighting 
stations, a cheap fuelgas being in the latter cases manu- 
factured on the works. Gas-engines of high power driven 
)Dy town gas are more costly than steam-engines, but when 
cheap power gas can be obtained as a fuel steam is the 
more expensive. Town gas as at present supplied is of 
too costly a quality for economical use as a fuel, and there 
is little doubt that in the immediate future the gas con- 
sumers in every part of the country will demand the 
supply of a cheaper lower grade gas which may be 
economically used in place of coal for fuel purposes, and 
that provision will be made for the daily testing of the 
heating power of the gas by official gas examiners appointed 
by the Board of Trade or by the Local Authorities. 

In view of the fact that gas is in many cases the most 
suitable agent for generating electricit}', it has been pro- 
posed that electricity shall in general practice be supplied 
from the same works as gas, and the gas companies of 
Walker and Wallsend and of St. Albans have already 
obtained powers from Parliament which enable them to 
supply electricity in addition to gas. 

Gas Engines for Tramcars. — Gas has been success- 
fully applied for driving tramcars at Blackpool, Dessau, 
and elsewhere, the cost of traction being less with gas than 
with horses. The gas is compressed under a pressure of 
about 90 lb. per square inch in cylinders which are placed 
beneath the platforms of the carS) and a compressing 
station is provided at one end of the line to enable the 
cylinders to be recharged at the end of each journey. 

The Otto Cycle. — ^The mechanism of gas-engines con- 
structed by different firms varies considerably in design, 
but most of the engines at present in use work upon what 
is known as the " Otto'* cycle. Each cycle is completed in 
two revolutions, during which only one impulse is given 



First revolution 
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to the pittoD. The following are the four operations 
comprised in each complete cycle :'— 

. The outstroke of the piston draws 

in air and gas. 
. The instrokc compresses this 
charge. 

13. The ignition is effected, causing 
explosion and expansion. 
4. The products of combustion are 
driven out by the instroke of the 
piston. 

In England the ignition of the explosive mixture of gas 
and air is usually effected by means of a Bunsen flame, 
but on the Continent an electric spark is commonly 
employed. 

Gas for Industrial Appllance5.~-Gas is already 

employed as a fuel in a great number of industries, and 
when a supply of cheap gas is substituted for the existing 
costly supply, it will be yet more widely adopted. Mr, 
Thomas Fletcher, the pioneer in the work of adapting gas 
to industrial requirements, has already successfully intro- 




Fig. 43. — llenter for Soldering- 



duced gas furnaces for enamelling, for hardening and 
tempering steel used for cycles, for glass- working, for gold- 
refining, and a host of other purposes. He has also adapted 
gas to many appliances of comparatively minor importance, 
such as blowpipes, soldering-irons, and drying ovens. 
A large number of ovens heated by gas for japanning 
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Fig. 44.— Self-healing Soldering-iron for Leaded Window Makers. 
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work are now in operation in all parts of the country, 
and especially in the districts devoted to the manufacture 
of bicycles, the ease with which the temperature of these 
ovens can be adjusted to suit the description of varnish to 
be dried being a factor greatly in their favour. There is 
practically no limit to the uses to which gas can be Applied, 
but among the gas appliances already largely used in con- 
nexion with building may be mentioned gas-heated lac- 
quering tables, blowpipes for brazing, heaters for soldering- 
irons (fig. 43), self-heating soldering-irons for leaded win- 
dow makers (fig. 44), and glue-pot stoves (fig. 45), which 
can be made to maintain any number of glue-pots at the 
required temperature at very small cost 

Gas for Lead Burning^. — It was at one time believed 
that the fusion of the edges of lead sheets in cisterns and acid 
chambers could only be performed by the aid of hydrogen, 
but it has since been found possible to perform the work 
equally well with coal-gas. The blow-pipe jet must be 
small, and a comparatively high pressure must be obtained 
with the aid of a small foot-blower. When coal-gas cannot 
be conducted by a pipe to the field of operations, cylinders 
containing compressed coal-gas may be employed. 
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CHAPTER XVIII. 

GAS LEAKAGES-EXPLOSIVE MIXTURES 
OF GAS AND AIR— DETECTION OF 
SMALL PROPORTIONS OF INFLAM- 
MABLE GAS OR VAPOUR IN AIR- 
DETERMINATION OF THE HEATING 
POWER OF GAS 

When a strong odour of gas is perceptible in the 
atmosphere of a room or building, all lights should be 
immediately extinguished, all windows should be opened, 
and unless the leakage of gas is occurring at some point 
where the cause of leakage is obvious, and where it can 
readily be stopped, as, for example, when a cock has 
been accidentally turned on, the gas should then be turned 
off at the meter. 

After shutting off the gas at the meter, and when the 
odour of gas is no longer perceptible, an inspection should 
be made of all the pipes and cocks in the neighbourhood of 
the leakage, and if no defect can be detected the consumer 
should then seek the aid of the officers of the gas company, 
or send for an experienced gasfitter. 

Cheap brass pendants, constructed of thin braced tube, 
instead of thick drawn brass tube, should be avoided. 
They have a dangerous habit of splitting longitudinally. A 
long but hardly perceptible crack suddenly occurs in the 
tube and allows the gas to escape in large volume. Also 
the cheap ball-and-socket connexions are frequently defective 
and allow gas to escape, particularly when the pendant 
becomes slightly tilted from the vertical position. 

Explosions have sometimes been caused by the accumu^ 
lation of gas in the space enclosed between the floorboards 

V 
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cf a room and the ceiling of the room beneath. Gas 
confined in this space often fails to be detected until it is 
present in sufficient volume to form an explosive mixture, 
especially when the greater part of the floor is covered 
with carpet or linoleum ; and when a naked light is taken 
near a crack between the boards, or a board is removed for 
examination of the pipes and a match is ignited to illu- 
minate the space, a disastrous explosion occurs. 

To ascertain whether any leakage is occurring in any part 
of a building, all the cocks to the burners should be closed, 
while the meter tap is left full on. Most meters have a 
dial situated above the ordinary recording indices which 
has a pointer which will make a complete revolution for 
every 2, 5, or 10 cubic feet (varying with the size of the 
meter) which pass through the meter. If a record be 
made of the position of this pointer when all the burner 
cocks are closed, knd if, during a period of fifteen minutes, 
it be found that the pointer remains quite stationary, the 
consumer may be satisfied that the fittings are gas-tight. 

Explosions have occurred through two or more small gas 
jets being left burning in a room exposed to draught from a 
window. One of the jets has been extinguished by the 
draught, and sufficient gas has accumulated in the room, in 
spite of the open window, to form an explosive mixture, 
which has then been ignited by the jet not extinguished by 
the draught. 

Leakages have occasionally occurred from sliding pen- 
dants provided with water seals, owing to neglect of the 
precaution to periodically add water to compensate for that 
lost by evaporation. This danger may be avoided by using 
glycerine, instead of water, in the water reservoir, as 
glycerine does not evaporate, and will, therefore, act as a 
permanent seal. If the use of glycerine be considered too 
costly, the rate of evaporation may be retarded by pouring 
a layer of lubricating or other suitable oil on the surface of 
the water until the layer is about ^ in. in depth. 

Explosive Mixtures of Gas and Air. — The most 

important experiments which have been made to ascertain 
the proportions of air required to form explosive mixtures 
with different gases are those carried out in 1895 ^^^ ^^9^ 



EXPLOSIVE MIXTURES OF GAS AND AIR. 153 

by Dn .Frank Clowes, the Chemist to the London County 
Council. Some of the results of his investigation are 
shown in the following table, and it will be noticed that the 
explosive limits vary widely with different gases, the danger 
of the formation of an explosive mixture being, for example, 
greater with acetylene than with coal-gas : — 

Explosive Limits of Mixtures of Gas and Air. 

— A mixture of — 

Coal gas and air will not explode if it contain less than 5 

per cent, or more than 28 per cent, of coal gas. 
Water gas and air will not explode if it contain less than 

5 per cent, or more than 55 per cent, of water gas. 
Hydrogen and air will not explode if it contain less than 

5 per cent, or more than 72 per cent, of hydrogen. 
Carbon monoxide and air will not explode if it contain less 

than 13 per cent, or more than 75 per cent, of carbon 
' monoxide. 
Acetylene and air will not explode if it contain less than 3 

per cent, or more than 82 per cent, of acetylene. 
Methane (fire-damp) and air will not explode if it contain 

less than 5 per cent, or more than 13 per cent, of 

methane. 

Detection and Estimation of Small Quantities 
of Inflammable Gas or Vapour in Air.— Coal-gas can- 
not always be detected by its odour. By passing through 
certain soils it may be deprived of its characteristic odour, 
and may accumulate in its odourless condition in an 
enclosed space in sufficient quantity to form an explosive 
mixture. It has been suggested that the mysterious explo- 
sions which have upon several occasions occurred in culverts 
containing electric lighting cables may have been due to 
leakages from neighbouring gas mains, the gas being de- 
prived of its odour before reaching the culverts by passage 
through the interposing soil. When an electric wire becomes 
overheated gas is sometimes generated by the decomposition 
of the insulating material with which the wire is covered, 
and forms with air an explosive mixture which is ignited 
by an electric spark. 

It has Jong been known to miners that when the atmo- 
sphere in a mine contains inflammable gas, but in too small 

^4 a 
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a quantity to form an inflammable or explosive mixture, and 
a lighted candle is exposed in this atmosphere, a pale flame, 
or " cap," may be seen surmounting the candle flame. 

When a Davy safety lamp is taken into an atmosphere 
of this description the presence of inflammable gas in the 
air is indicated by the presence of a pale flame filling the 
gauze chamber and eventually causing extinction of the 
lamp flame, or if the quantity of inflammable gas be in- 
sufficient to produce a mixture which burns within the gauze 
chamber it may yet be present in sufficient quantity to cause 
the oil flame to "spire" or become elongated and smoky. If 
the wick of the lamp be turned down until the oil flame has 
become almost non-luminous, the presence of as small a 
proportion as 3 per cent, of fire-damp in the atmosphere 
may be detected by the presence of a pale flame cap over 
the oil flame. 

In 1 88 1 MM. Mallard and Le Chatelier recognising that 
the employment of a luminous flame reduced to very small 
dimensions in the attempt to render it non-luminous is less 
useful for this test than a larger flame which is naturally 
non-luminous, proposed the use of a hydrogen flame in 
place of the oil flame. The process of generating hydrogen 
proposed was, however, too cumbersome for practical use, 
and trouble was experienced in regulating the size of the 
flame; and it was not until about the year 1890, when Dr. 
Clowes applied small cylinders of compressed hydrogen to 
this purpose, that the hydrogen flame test became of 
practical utility. Dr. Clowes has invented a lamp, con- 
sisting of a combination of the Davy safety lamp,, with a 
cylinder of compressed hydrogen. The cylinders had to be 
manufactured of sufficient strength and capacity to safely 
carry an ample supply of gas for testing purposes without 
materially affecting the weight or portability of the lamp. 
All difficulties, have, however, been overcome, and the 
lamp is now extensively employed in coal mines. 

By means of the hydrogen flame used in this lamp very 
small proportions of fire-damp or of coal-gas can be de- 
tected and quantitatively estimated, the length of the flame- 
cap increasing with the proportion of inflammable gas 
jiresent; while, if the inflammable, g^s . l?e present ir) 
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dangerous quantity the flame is at once extinguished without 
igniting the explosive mixture in which it is exposed. The 
lamp may therefore be carried into an inflimmable atmo- 
sphere without danger. ' 

Disastrous ex- 
plosions have 
occurred in the 
empty tanks of 
steamships used 
for the transport 
of petroleum 
owing to an ex- 
plosive mixture uf 
air and petroleum 
vapour having 
been formed 
within the tank 
and ignited by 
red-hot rivets or 
by lights taken 
into the tanks by 
workmen em- 
ployed on repairs. 
Dr. Boverton 
Redwood, co-op- 
erating with Dr. 
Clowes, has adap- 
ted the hydrogen 
flame test for 
testing the atmos- 
phere of the tanks 
of petroleum 
steamships, and 
after a steamship 
has discharged its 
cargo of oil it is 
now usual to test 
the tank atmos- 
phere before any person is allowed to enter the tank. 

The testing apparatus devised by Dr. Redwood is shown 
in fig. 46. 
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The sample of air to be tested is collected under com- 
pression in a small metal cylinder by means of a pump. 
When being tested the air is led through a pipe to the base 
t>f the lamp, and flows around the hydrogen flame as it rises 
to the top of the lamp and escapes into the outer air. A 
series of wire baflles, through which the sample of air to be 
tested must pass, is provided in the lower part of the lamp, 
so that should the air sample be explosive the flame cannot 
flash back into the metal reservoir. The hydrogen supply 
for the lamp is obtained from a cylinder of the compressed 
•gas of any convenient size. Behind the lamp is an upright 
metal rod with horizontal arms to support a black cloth, 
which is provided to enable the examiner to screen off 
external light and to observe the height of the non-luminous 
hydrogen flame, and (if the air tested contain inflammable 
gas) the height of the flame-cap, through the glass front of 
the lamp. 

The standard height to which the hydrogen flame should 
be adjusted is 0*4 in., and Dr. Redwood finds that a distinct 
cap is visible when the proportion of petroleum vapour 
amounts to one-ninth of the quantity which will make the 
mixture inflammable, or one-eighteenth of the quantity 
which renders it explosive, and considers that if the 
interior of the tank or other confined space be ventilated 
until a sample of the atmosphere within it is found to 
give no flame cap with this apparatus an ample margin 
of safety will be provided. 

It has not yet been found possible to distinguish a flame- 
bap caused by the presence of fire-damp from a flame-cap 
caused by the presence of petroleum vapour. Further 
information relating to the detection and estimation of small 
quantities of inflammable gas or vapour in air may be 
obtained by reference to the book on this subject written by 
Drs. Clowes and Boverton Redwood, but from the brief 
outline which has been given of the method now commonly 
used for testing the atmosphere of coal mines and oil tanks 
it may be seen that the hydrogen flame-cap test may be 
applied to any atmosphere suspected of containing in- 
flammable gas or vapour in dangerous quantity. Dr. 
'Clowes states that with his lamp a visible flame-cap is 



Eined when as I 
II a proportion as ' 
o'l per cent, of coal 
gas or of fire-damp is ( 
present in the atnio- 3 

A numb::r of in- ^ 
stances will occur to y 
Ihc mind of the ^ 
architect and engineer J 
in which reliable i 
inrormation on this kl . 
snbject would be most t- 
valuable. Paints con- -* < 
taining benzene or J j 
other light oils some- 
times impregnate the D 
atmosphere of the -> ^ 
structures (such as ^ , . 
the holds of ships) in ^ 
which they are used 
wilh a dangerous 
proportion of inflam- 
mable vapour, and 
the lamp may also be 
used for testhig the 
atmosphere of vaults, 
sewers, and subways. 

The Heating 
Power Test.— 

Reference has already 
been nlade to the 
great difiereuce in the 
relativeheatingvalues 
of coal gas, water gas, 
and Mond gas. The 
determiuation of the 
calorific power of a 
remely 
mple process, and 
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may be made with sufficient accuracy for all practical 
purposes in a very short lime by means of Junker's calori- 
meter, The heat generated by combustion of the gas is 
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L* transmitted to a current of water flowing at a constant 
Prate, and observations are made of:^ 

1. The quantity of gas burned. 

2. The quantity of water heated. 

3. The increase in the temperature of the water heated. 
The calorimeter is shown in section in fig. 47, and the 

complete apparatus required for testing is shown in fig. 48. 

The gas to be tested is led through the meter to an atmo- 
spheric burner which forms part of the calorimeter. The 
gas is consumed at about the rate of 6 cubic feet per hour 
if coal-gas is being tested, but at a greater rate if the gas is 
fuel-gas of low heating power. The burner is surrounded 
by a vertical double-wallcd cylinder, and the hot products 
of combustion escape ihrough a number of copper tubes 
passing down between the walls of the cylinder. The 
hot products pass down through the tubes while the 
flowing water ascends outside the tubes. The tubes 
terminate in a common chamber in the bottom of the 
cylinder, and the uncondeusable gases escape through the 
throttle at atmospheric temperature. The water flows 
through the calorimeter at a constant rate owing to the fact 
that the inlet device is provided with an overflow, and 
water is supplied to the instrument at a greater rate than 
it is allowed to flow through it. 

The rate of flow is regulated u 
temperature of the water flowing 
between ten and twenty degrees C. higher than the tem- 
perature at the inlet. When the test is commenced the 
volume of water heated is carefully measured in a graduated 
cylinder of two litres capacity, and a reading of the gas 
meter is made. During the test readings of the thermo- 
meters at the inlet and outlet are made at short intervals 
and recorded. 

The gross heating value of the gas in calories is found by 
the following equation : — ■ 
^^k Number of IJIrea healed x by increasejn lemperalHre of ttstef . 
^^^ Cubic feel of giis 

^Kvhi 



e hydrogen contained in the gas is converted Inf 
Which condenses in the calorimeter, and gives up i 
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heat to the circulating \\'ater. When gas is used as a fuel 
in practice the water formed escapes as steam and is not 
utilised. The latent heat is, therefore, usually deducted 
from the gross heating value, and the resultant figure is 
termed the ** net " calorific value. The water condensed 
from the products of combustion is collected in a cubic 
centimeter measuring cylinder, and for every c.c. collected 
a deduction of o*6 calorie is made. If 53 c.c. of condensed 
water were obtained from 2*0 cubic feet of gas, a deduction 
of 15-9 calories should be made from the gross heating 
value, thus : — 

o'6 X ^^ . , . 
£y = I5*c) calories 

The heating value of a gas is usually expressed in 
calories or British Thermal Units. A calorie is the amount 
of heat required to raise the temperature of one litre or one 
kilogramme of water one degree C, and a British Thermal 
Unit is the amount of heat required to raise i lb. of water 
one degree F. To convert calories into B.T.U. multiply 
the calories by 4 (or more correctly by 3*968). 
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CHAPTER XIX. 

OFFICIAL GAS EXAMINERS AND THEIR 
WORK — HOW GAS IS TESTED FOft 
ILLUMINATING POWER AND PURITY. 

Official Gas Examiners. — Competition in the supply 
of illuminating gas is no longer permitted in any part of 
the United Kingdom because the nuisance created by the 
incessant tearing up of the public roads by rival companies 
was found to be intolerable. The operations of one gas 
company in each district in addition to those of the water 
company, the electricity supply company, the telegraph 
authorities, the tramway and railway engineers, and the 
road repairers, already cause too frequent disorganisation 
of the traffic in many of the main thoroughfares. The 
country is therefore divided into districts, each of which is 
served with illuminating gas by only one company or local 
authority. Quite recently power has been given to the 
Mond Gas Co. to distribute cheap low grade gas for heating 
and p>ower purp>oses in certain Staffordshire districts already 
supplied with illuminating gas, but this is a departure from 
the policy adopted by Parliament during the last half 
century. 

The operations of each gas company are conducted 
under powers and conditions specified in certain Acts of 
Parliament, each company having its own special Act or 
Acts relating to the laying of pipes, the opening of streets, 
and the standard price, illuminating power^and purity of 
the gas to be supplied. Many of the sjmaller companies 
are controlled by the Gas Works Clause Act of 1871, which 
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Stipulates that a place for testing the gas, and the necessary 
apparatus, shall be provided and maintained by the gas 
company, and that the official gas examiner appointed by 
the Local Authority shall have access to such testing place 
within certain specified hours. Where no such gas 
examiner is appointed by the Local Authority, two Justices 
may, upon the application of not less than five consumers, 
appoint a competent and impartial examiner to test the 
illuminating power and purity of the gas. The standard 
illuminating power of the gas supplied from small works in 
England is usually 14 or 15 candles, and the gas is required 
to be purified from sulphuretted hydrogen only. 

In large towns a more elaborate system of testing is 
commonly adopted, and a more rigorous purification of the 
gas is required. In London there are twenty testing 
stations well distributed over the area under the jurisdic- 
tion of the London County Council, in which the gas is 
tested every day for purity and illuminating power by 
examiners appointed by the Council. Within the City 
boundaries three additional testing stations are provided, in 
which the gas is similarly tested by examiners appointed 
by the Corporation of London. The County Council and 
the Corporation, moreover, each retain the services of an 
eminent chenfist to act as superintending gas examiner and 
to advise on all matters relating to the public gas supply. 
The situation and number of the testing stations to be 
maintained by the gas companies, and the methods of 
testing to be adopted by the examiners, are prescribed by 
three gas referees appointed by the Board of Trade. A 
chief gas examiner who acts as arbitrator when a gas com- 
pany appeals against the report of any of the gas examiners, 
and whose decision is final, is also appointed by the Board 
of Trade. The present chief gas examiner is Lord Ray- 
leigh, F.R.S., and all the gas referees are also Fellows of 
the Royal Society. The Act stipulates that one at least of 
the referees shall have " practical knowledge and experience 
in the manufacture and supply of gas," but owing no doubt 
to the able manner in which the scientific men have carried 
out the duties of the office no practical gas engineer has 
been appointed as a referee for many years. 
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At present the Acts of Parliament which control the 
operations of the Metropolitan gas companies regulate only 
the pressure, the illuminating power, and the purity of the 
gas from sulphuretted hydrogen, other sulphur compounds, 
and ammonia ; but in view of the increasing use of mate- 
rials other than coal for the manufacture of gas, it appears 
probable that Parliameiit will presently be requested by 
the Local Authorities, on behalf of the consumers, to fix a 
minimum standard for heating power, and a maximum 
standard for the proportion of carbon monoxide, and that 
the gas examiners will be called upon to include deter- 
minations of these in their daily tests. Already a Home 
Office Committee has recommended that wherever water- 
gas is mixed with coal-gas for public supply, a limit for 
carbon monoxide be fixed, and the London County Council 
has granted a sum of money for the purpose of making a 
series of estimations of the proportion of this poisonous 
constituent in the gas supplied in different parts of the 
metrop>olis. 

In the Mond Gas Company's Act of 1901, which relates 
only to gas for heating and power purposes, standards have 
been fixed for heating value and for carbon monoxide, and 
provision has been made for the gas to be tested by gas 
examiners appointed by the Local Authorities. 

Illuminating^ Power. — It is beyond the scope of the 
present volume to discuss in detail the various methods 
of measuring the intensity of the light emitted from gas 
flames and other light sources. For detailed information, 
reference should be made to Dibdin's " Practical Photo- 
metry," or Butterfield's "Chemistry of Gas Manufacture"; 
but a brief general outline may be given of the official 
methods of testing. 

The illuminating power of gas in this country is expressed 
in " candles," a standard candle being the light emitted by 
a sperm candle (six to the pound) when consuming sperm 
at a rate of 1 20 grains per hour. The intensity of the light 
thrown upon an object by a light-emitting surface varies 
inversely as the square of the distance of the object from 
that light-emitting surface. Thus a fiame which will throw 
a light of 1 6» candle power upon an object i ft. distant, will 
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the oid method of gas 
[lu^ fi^ 49) wfaicn is sxH empiofed in many districts, 
:iie .-neawrcaienc 'if li^it a nsacfie E7 baming two standard 
"^fudm* ^ Xt .It: me end of a g i jiiimrd horizontal bar (C) 
wniie die Arsand oamer^BX in which the gas is tested 
-arhcn bunnn^ at a rate of 5 cnbie iect per hour, is fitted at 
!he •)ppiiiHte end of the bser. The distance between the 
*vexxxm of die ff» Same amt the candle flames is exactly 
60 in., and pimnb lines ox^ fitfeed at each end of the bar to 
enable die photDmeErat to see that the flames are vertical 
and the ciHTect cfistance apart. A greased i>aper disc, 
bavini^ a drcnlar spot in die centre which is left ungreased, 
19 fitted in the cfisc-bokler {p\ which is mounted on wheels 
and can be moircd aio^ the bar either towards the gas 
fame or towards the candles. The greased and. ungreased 
portions of the disc have a different degree of translucency, 
and if the li^t thrown upon one side of the disc be more 
powerful than that thrown upon the opposite side, one side 
of the disc is at once seen to be illuminated to a greater 
degree than the other side. When the gas is being tested 
the disc is moved towards the candles or towards the gas 
flame until the disc is seen to be equally illuminated upon 
both sides, and it is then known that the disc is receiving 
nil equal amount of light from the two candles as from the 
gas flame. 

To ruablc the examiner to observe both sides of the disc 
lit thr »nmc moment, two inclined mirrors, one on each 
nUlo of the disc, are provided at the back of the disc-holder ; 
wuvl to prevent any error arising through one side of the 
vli^v^ bevvMuing discoloured, Dibdin has introduced a disc- 
Kv^Uier in which the disc, together with the two mirrors, is 
MH^^XMtwl vn\ A pi\>>t, so that when a c^tain number of 
\vlv*\^\<«^\^u* hA\>f be^n m^ide with the disc in one position, 
ihv \^^^ sUK^ «x\n\>«^ nvny be tvHated. and an equal number 
>M ><Nxnv» wa^v;^ ^^,v*.V >v%;h the potsitkxts reversed. 

V\N ts-Nv %v iV x^^sa^^^Mer 5S ji pcwster wliicfa moves in 
i^NS* >s vV c -.N^sxv^N^ ^^fc> oct rbe KftT as the £sc is moved, 
»*N* ^< ;*V \fr^ ¥5^ ^':fc^wi^^£ r^ u».^:ace candles (thus 
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obviating the necessity of measuiing the relative distances 
of the gas flame and the candles from the disc) the candle- 
povtrer of the gas flame may be obtained by observing the 
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figure on the scale indicated by the pointer, and multiplying 
ttiis figure by two, because two candles are used as the 
source of comparison. Thus, if the pointer be opposite the 
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this intensity of light is then recorded, and a calculation 
is made to ascertain the proportional intensity of light which 
would be obtained with a rate of consumption of exactly 
5 cubic feet per hour. 

Instead of a greased disc being used to ascertain when 
the intensity of the light thrown by the gas flame and by 
the pentane flame upon a given spot is identical, a piece of 
white unglazed paper clamped in the photoped is used, and 
the gas flame is adjusted until the photoped paper is seen 
to be uniformly illuminated. The distances of the lo c-p. 
lamp and the gas flame are so fixed that when the gas 
flame has an illuminating power of sixteen candles the 
intensity of the light thrown upon the photoped from the 
two sources shall be equal. 

The photometer is used in a dark room, and suitable 
black screens are provided to prevent extraneous light inter- 
fering with the light thrown upon the photoped. Screen 
No. I (fig. 51) has orifices which allow the light from the 
burners to pass to the photoped without interference. The 
mirrors are provided merely to facilitate adjustment of the 
pentane flame and to throw light upon the gas-regulating tap. 

Pressure. — The pressure under which the gas is sup- 
plied is ascertained by means of a water-gauge. From 
time to time tests are made in the street lanterns by the 
gas examiners, the burner and governor being removed and 
the pressure-gauge screwed in its place. One-tenth of an 
inch is deducted from the observed pressure in order to 
allow for the difference in height between the gas lamp and 
the gas main. The minimum pressure permitted in London 
between midnight and sunset is equal to a column of six- 
tenths of an inch of water, and between sunset and mid- 
nightto a i-in. column of water. 

Sulphuretted Hydrogen. — The gas is required to be 
completely purified from sulphuretted hydrogen, the com- 
pany being liable to a heavy penalty for every day on 
which this impurity is detected in the gas distributed to 
consumers. The test for sulphuretted hydrogen consists in 
allowing 10 cubic feet of gas to flow at a rate of about o*6 
cubic feet per hour through an apparatus in which are 
suspended slips of white bibulous paper impregnated "vVith 
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acetate of lead. The presence of even a minute proportion 
of sulphuretted hydrogen in the gas causes a brown or black 
stain to appear on each of the slips. 

Sulphur Compounds other than Sulphuretted 

Hydrogen. — In London the gas must not contain more 
than 17 grains of sulphur per 100 cubic feet of gas between 
April I and Septeniber 30 in each 3'ear, nor more than 
2 2 grains in other months. To estimate the quantity of 
sulphur 10 cubic feet of the gas to be tested are burned in 
a small Btmsin burner at a slow rate in an atmosphere 
impregnatea with ammonia evolved from lumps of am- 
nionium sesqui-carbonate. The products of combustion 
are led into a condensing-cylinder where the water vapour 
produced by combustion of the hydrogen and hydrocarbons 
in the gas is condensed^ and the condensed water holds 
the sulphur compounds, which are oxidised during combus- 
tion, and which enter into combination with the ammonia, 
in solution. When 10 cubic ft. of gas have been consumed 
the gas is automatically shut off, and the quantity of 
sulphur in the condensed liquid is subsequently estimated 
by chemical analysis. 

Ammonia. — The proportion of ammonia in the gas 
must not, in London, exceed 4 grains per 100 cubic ft. of gas. 
The quantity of ammonia present is found by allowing 
lo- cubic ft. of the gas to pass at a slow rate through a glass 
cylinder containing glass beads, moistened with 50 septems 
of dilute sulphuric acid of a known strength. The acid 
combines with the ammonia present in the gas to form 
sulphate of ammonia, and by estimating the quantity of un- 
combined acid remaining in the cylinder after 10 cubic ft. 
of gas have passed through it, the quantity of acid neu- 
tralised by the ammonia, and consequently the quantity of 
ammonia present in the gas, is obtained. 

More detailed information relating to the chemical exami- 
nation of gas cannot be given in the present volume, but 
the *' Notification of t4ie Gas Referees," containing the 
official instructions given to the London gas examiners 
with regard to the tests for illuminating power, purity, 
and pressure, may be obtained from Messrs. Eyre & 
SpOttiswoode. 
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CHAPTER XX. 

THE RELATIONSHIP BETWEEN THE 
GAS VENDOR AND THE GAS CON- 
SUMER. -RECENT CONCESSIONS.- 
HOW TO READ THE METER— HOW 
TO ASCERTAIN THE RATE OF CON- 
SUMPTION OF ANY GAS-CONSUMING 
APPLIANCE. 

During the last ten or fifteen years a remarkable change 
has occurred in many districts in the attitude of the gas 
manufacturer to the gas consumer. 

Formerly a gas company considered its work satisfac- 
torily completed when gas had been carried to the con- 
sumer's meter. If, after the gas had passed the meter, the 
consumer through ignorance consumed the gas in wasteful 
burners, it was not to the interest of the gas company to 
teach him how to obtain more light or heat with a smaller 
consumption of gas. That was the opinion at one time 
commonly expressed by officers of gas companies. 

With the passing of the nineteenth century, however, 
a radical change was witnessed in the business methods 
adopted by many gas companies and gas-producing Local 
Authorities. The gas vendor of the present day realises 
that it is to the interest of the shareholder as well as of the 
consumer to aid the consumer to obtain the highest possible 
efficiency in light, heat, or power, as the case may be, 
from every Qubic foot of gas consumed. The introduction 
of leaky supply pipes and wasteful burners into a con- 
sumer's premises by an incompetent local ironmonger, 
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whose opinion as to the value of a burner is more or less 
dependent upon his rate of commission, is no longer viewed 
with equanimity by the gas manufacturer. 

Managers of gas undertakings now vie with one another 
in devising new schemes for popularising the use of gas 
both for domestic and industrial purposes ; but each com- 
pany has its own rules as to the extent to which it wmII 
assist consumers in obtaining an efficient gas supply at 
small initial cost, and as to the class and variety of gas- 
consuming appliances which it will let out on hire or lend 
to consumers without charge. The following list of con- 
cessions which have already been granted by one or more 
companies or gas-producing Local Authorities shows that 
some gasworks managers have already recognised the 
necessity of adopting modem business methods, and will 
indicate to the consumer the kind of assistance he may be 
able to obtain from the gas vendor. 

I. Gas Supply Pipes. — Many gas companies will pro- 
vide and fix all gas pipes of any size and for any purpose 
at cost price, while a few will supply and fix the pipes free 
of charge. As most gas companies keep a large stafi* of 
competent fitters constantly employed upon this class of 
work, it is usually a good policy to have the fittings put in 
by the gas company^s men. 

2. Flat Flame Burners for Lighting Purposes. 

— In some cases these are supplied free of charge, and in 
others at cost price. 

3. Incandescent Gas Burners. — These are in some 

cases supplied by the gas company at a lower price than 
that charged by shopkeepers, and in several cases the gas 
company undertake to maintain incandescent burners in 
good condition, and renew all mantles and chimneys when- 
ever necessary at a nominal charge. 

4. Gas Fires, Stoves, and Cookers. — These are 

let out on hire by most gas companies at a small charge. 
The rental for a fire for a dwelling-room of ordinary size is 
usually from is. 6d. to 2s. 6d. per quarter, and for a 
domestic cooker of moderate size from 2s. to 3s. per 
quarter. A few gas companies will lend these appliances 
to consumers without charge. 
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5. Ring^ Burners. — Small ring burner^ suitable for 
boiling a kettle of water, are in many cases lent to con- 
sumers free of charge. 

6. Gas Eng^ines. — At High Wycombe these may be 
obtained on the hire-purchase system, or on the continuous 
hire system. Few, if any, other gas companies have, 
however, yet undertaken to supply these on any terms 
whatever. 

7. Periodical Inspection of Fittings.— Some com- 
panies now undertake without charge to keep and maintain 
all ordinary fittings in a clean and efficient condition. 
Inspection is made either upon receipt of request or by 
periodical visits. In most places the officers of the gas 
company will examine a consumer's fittings upon special 
request without charge. 

8. Prepayment Meters. — Most gas companies will 
connect a house to the gas main and provide and fix a pre-* 
payment meter and all the required pipes and burners 
without initial charge. The gas is obtained by dropping a 
penny into the slot of a box attached to the meter. The 
quantity of gas obtained for each penny dropped into the 
box is adjusted to cover the cost of the meter and fittings, 
and is usually supplied at a rate of between 5d. and lod. 
per 1,600 cubic feet above the amount charged for gas 
supplied by ordinary meter. Prepayment meters to supply 
gas in larger quantities, for coins of greater value, are also 
supplied. 

All this " free-of- charge" business must, of course, be 
paid for eventually in the price paid for the gas, but by 
minimising the danger attendant upon the use of gas. by r 
periodical inspection of the fittings by competent officers of 
the gas company, by showing the consumer how to obtain 
the greatest efficiency from the gas with a minimum pollu- 
tion of the atmosphere, and by assisting him to obtain 
appliances at low cost which he would otherwise reject, 
there is little doubt that real progress has been made since 
the time when the internal gas fittings of buildings were 
left to men who sometimes were incompetent fitters, and 
frequently were quite ignorant of the most elementary laws ^ 
relating to the combustion of g^s. : 
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Readings the Meter. — ^The reading of the dials on an 
ordinary gas-meter is an extremely simple process; but 
many consumers neglect to watch the meter because the 
interpretation of the indications is thought to require special 
knowledge. 

To ascertain the rate of consumption per day, per month, 
or per quarter, as the case may be, it is necessary to make 
a record of the position of the pointers on the dials at the 
commencement of the period and also at the end of the 
jjeriod, and to subtract one figure from the other. In fig. 
52, for example, the positions of the pointers are shown at 
the commencement of a week at A, and their positions at 
the end of the week at B. 

The dial with only two figures upon it which is seen 
above the four main dials is not taken into account when 
the meter is read by the gas inspector. The pointer of the 
dial with the superscription " i thousand " makes a com- 
plete revolution for every 1,000 cubic ft. which pass the 
meter, and as the dial is divided into ten equal parts, the 
p>ointer moves from one numeral to the next in succession 
during the passage of 100 cubic ft. 

The pointer of the dial superscribed "10 thousand " 
makes a complete revolution for every 10,000 cubic ft. 
which pass the meter, and consequently the movement of 
the pointer from one numeral on this dial to the next indi- 
cates the passage of 1,000 cubic ft. 

The pointer of the dial superscribed " 100 thousand " 
makes a complete revolution for every 100,000 cubic ft. 
which pass the meter, and consequently the movement of 
the pointer from one numeral to the next represents a con- 
sumption of 10,000 cubic ft. 

The pointer of the dial superscribed " i million " makes 
a complete revolution for every million cubic ft. which pass 
the meter, and consequently the movement of the pointer 
on this dial from one numeral to the next indicates the 
passage of 100,000 cubic ft. 

In fig. 52 the positions of the pointers when 273,800 
cubic feet have passed the meter since the pointers were all 
at zero are sho* ' " * sitions of the pointers, 

say, one wee The consumption 
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indicated at B is 274,900. The refore inone week 1,100 
cubic feet (274,900—273,800) of gas have been consumed. 




Fi^. 57. — Index on Consumer's Meter showing a consumption of 
273,800 cubic feet at A, and of 274,900 feet at B. 

Testing the Rate of Consumption of any Gas- 
consuming Appliance. — ^The dial situated above the 
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four main dials (fig. 52) on the meter affords a means ot 
ascertaining the rate of consumption of any particular 
appliance and of the soundness of all the gas fittings with- 
in a building. The pointer of this dial makes one complete 
revolution for every two cubic feet of gas which pass the 
meter, and as there are ten equal subdivisions on the dial, 
the movement of the pointer from one subdivision to the 
next indicates the passage of a fifth part of one cubic foot 
of gas. Larger meters have a dial divided into cubic feet, 
and the pointer makes a complete revolution for every five 
or ten cubic feet of gas which pass the meter. 

When all the burner cocks are shut off and the main cock 
on the meter outlet is turned full on, the pointer on this 
dial will remain quite stationary if the pipes and fittings 
are gas-tight, but will change its position if a leakage of gas 
is occurring at any point 

Having ascertained that all the fittings are gas-tight by 
Observing that the pointer remains quite stationary for a 
period of, say, fifteen minutes, the gas appliance to be 
tested should be put in action while all other burners are 
still kept shut off. The number of revolutions made in a 
fixed period, say ten minutes, should be noted, and the 
consumption per hour then be calculated. 

If in ten minutes the pointer makes one complete revolu- 
tion the consumption per hour is 1 2 cubic ft. ; and if it makes 
two and a half revolutions in this p)eriod the rate of con- 
sumption is 30 cubic ft per hour. In this manner the rate 
of consumption of any burner or cooker or other appliance 
may readily be ascertained. 

In addition to testing the rate of consumption of the 
different appliances in use it is a good practice to keep a 
record of the gas consumed from quarter to quarter, and if 
the consumption suddenly increases largely without apparent 
cause beyond the quantity consumed in the corresponding 
quarter of the previous year, to send the meter to be tested 
at one of the public meter-testing stations. 
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CHAPTER XXI. 

THE PROPERTIES AND MANUFACTURE 
OF CALCIUM CARBIDE. 

Properties of Calcium' Carbide. — Calcium carbide is a 

dense solid compound of calcium and carbon. Its chemical 
formula is C^Co, which indicates that it consists, when 
pure, of 62*5 per cent, by weight of calcium combined with 
37*5 F>^r <^^nt. of carbon. It is neither explosive nor 
inflammable, and may be strongly heated in an open fire or 
in a gas flame without undergoing any change. When 
expi^sed to the atmosphere, calcium carbide, like a lump of 
quicklime, slowly changes into a bulky powder. This 
change of condition is due to the water vapour in the air. 
The hvdn^geji of the water vapour enters into chemical 
union with the carbon of the carbide to form the in- 
flammable gas acetylene, which continues to escape into 
I lie air so long as any undecomposed carbide remains 
oxj-KVf^cd to its influence ; at the same time the oxygen of 
the water vap^^ur combines with the calcium of the carbide 
to f\>rm calcium oxide, or quicklime, which in turn combines 
with a further quantity of atmospheric water vapour to 
\W\\\ Ci\\ch\m hydrate or slaked lime. 

When liquid \\*ater is poured upon calcium carbide, or 
lite carbide is di»pped into water, the same reactions occur 
an \vhtM\ the oaii>ide is exposed to the atmosphere, but they 
lake plaiv at such a rapid rate that the decomposing carbide 
btss>n\es ntoix^ or less strongly heated, and acetylene gas is 
ev^OvtHl \u a brisk stream. 

Abx^^lutelv puiv calcium carbide will yield 5*82 cubic 
feel of a^'etylene |>er |v>und of carbide decomposed. 
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but with commercial carbide of good quality the average 
yield of acetylene does not exceed 5 cubic feet per pound, 
and with inferior carbide or with generators of an inferior 
type the yield often falls considerably below this volume. 

Moissan has shown that pure calcium carbide is white 
and transparent, but the carbide of commerce is neither 
pure, transparent, nor white. Commercial calcium carbide 
is usually in the form of dense semi-crystalline masses of 
bluish-grey or grey-black colour, but when freshly fractured 
is often found to have a reddish hue and to exhibit iri- 
descent surfaces. It has a semi-metallic appearance and 
resembles granite in hardness. Its density is 2*22. The 
difference in the physical condition of different samples of 
commercial carbide is caused by variations in its rate of 
cooling from the fused state in which it is formed in the 
furnace, and also by variations in the nature and quantity 
of the impurities present. Comparatively large crystals 
are formed when the carbide cools slowly, and small crystals 
when it cools rapidly. The colours are mainly due to the 
presence of iron as an impurity in the raw materials 
employed. Black particles of carbon which have not united 
with calcium to form carbide are also usually present. No 
reliable indication regarding the purity of commercial 
carbide is afforded either by its colour or by the size of its 
crystals. 

The Electric Arc. — If a wire through which a strong 
electric current is passing be severed, and the severed ends 
remain within a short distance of oue another, the current 
will leap across the space by which they are separated, and 
its passage vrill be accompanied by the evolution of light. 
If a rod or pencil of carbon be attached to each of the ends 
formed by severing the wire, and the tips of the two 
pencils be brought in contact and then drawn a short 
distance apart a dazzling light will be at once emitted. The 
evolution of light is due partly to the ends of the carbon 
pencils becoming incandescent, partly to the electric arc 
which is produced as the electric current leaps from one 
carbon pencil to the other, and partly to small particles of 
carbon which flow with the current from one nencil 
towards the other, and which becr"^'" 
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When the ends 
of the carbons are 
too close together 
a hissing Doise is 
produced, and if 
ihey are a little too 
far apart a roaring 
noise is emitted and 
the evolution of 
light is^pt to sud- 
denly cease, owing 
effect a junction between 
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the two carbons. When the carbons are a suitable 
distance apart the combustion of the carbons and the 
passage of the current should proceed silently, and be 
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accompanied by the evolution of a brilliant and steady 
light. The value of the electric arc for the manufacture 
of calcium carbide is, however, not due to the evolution of 
light nor to any influence peculiar to electricity, but merely 
to the fact that the temperature of the arc is much higher 
than that obtainable by any other known means. 

Hlectric Furnaces. — The temperature of the electric 
arc has been found by ' experiment to be 3,500 deg. C, 
and by enclosing it in a chamber having infusible non- 
conducting walls the useful appliance known as an electric 
furnace is constructed. Electric furnaces have been em- 
ployed for scientific research work for a long period, but 
it is only within the last quarter of a century that they 
have become of great industrial value. Lewes divides 
electric furnaces into two classes : — 

1. Those in which the substance to be heated is placed 
in the path of the electric arc, or is made to form one or 
both poles for the formation of the arc, and 

2. Those in which the heat is generated by oflfering 
resistance to the flow of current, as when a piece of thin 
platinum wire is heated to incandescence by making it the 
link between two copper wires of greater diameter through 
which the current is passing. 

For the manufacture of calcium carbide on a large scale, 
furnaces of the arc type are always employed. It would 
serve no useful purpose to describe each of the numerous 
designs for electric furnaces which have been patented for 
the manufacture of carbide, and a brief description ,of one 
of the arc furnaces (fig. 54) recently invented by W. S. 
Horry, of Niagara, must serv^e as a type of carbide furnaces 
in general, but further information relating to calcium carbide 
and the various furnaces which have been employed for its 
manufacture can be obtained by reference to Professor 
Lewes* exhaustive treatise on acetylene. 

In the Horry furnace (fig. 54) the carbon pencils are 
placed in parallel vertical position, and are buried in the 
mixture of lime and carbon to be converted into calcium 
carbide. When the arc is produced between the lower 
ends of the two pencils the mixture in the neighbourhood 
of the arc fuses and is converted into a pool of liquid car- 
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bide. A portion of the superimposed mixture then falls 

into the liquid carbide, which spreads laterally until it 

passes beyond 



soUdifics. That 
portion of the 
solid mixture 
which has fallen 
into the molten 
carbide is acted 
upon by the 
electric arc, and 
is itself speedily 
converted Id to 
molten carbide. 
In (his manner 
all the ■ mixture 
in the lower part 
of the furnace is 
gradually con- 
verted into car- 
bide. In order 
to bring the 
upper layers of 
mixture into the 
field of the arc, 
mechanism is 
provided where- 
by the furnace 
may be moved 
vertically down- 
wards, so that 
the carbon 
pencils, which 
remain in a Rxed 
position, may 
occupy a higher 
- position in the 
furnace. 
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. The chemical name for quicklime is calcium oxide, and 
when a mixture of ground coke and lime is subjected to the 
heat of the electric arc, the carbon contained in the coke 
and the calcium contained in the lime enter into chemical 
combination to form calcium carbide, thus : — 

CaO + 3 C = CaCs + CO 
Quicklime + carbon yields calcium + carbon^ 

carbide monoxide 

The foregoing chemical equation shows that, theoretically, 
56 parts by weight of quicklime will combine with 36 parts 
of carbon to produce 64 parts of calcium carbide and 28 
parts of carbon monoxide. The carbon monoxide is a 
poisonous, inflammable gas, which burns at the mouth of 
the furnace, or may be utilised to assist in maintaining the 
hjgh temperature of the furnace. In practice the lime and 
the carbon employed are never pure, and it is necessary to 
ascertain the proportion of the. impurities present in them 
by chemical analysis, and to make allowance for them when 
calculating the relative proportions of lime and coke to be 
employed in the mixture to be converted into calcium 
carbide. 

There are two forms of carbide on the market, known 
respectively as " ingot " carbide and " run " carbide. 

log^Ot Carbide. — When powdered lime and coke, 
mixed in the correct proportions for carbide manufacture, 
are heaped aroupd the carbon poles in an electric furnace, 
that part of the mixture which is in closest proximity to the 
electric arc fuses and becomes converted into calcium car- 
bide, but the outer portion of the mixture is not heated to a 
sufficiently high temperature for conversion into carbide. 
When the electric current is cut off and the material within 
the furnace is allowed to cool, the whole of it is found to 
have become conglomerated into one compact mass or 
" ingot," consisting of a core of high-quality calcium carbide 
with a crust which contains less and less carbide as its 
distance from the core increases. 

The entire ingot as it leaves the furnace contains about 
two-thirds of its weight of commercially pure calcium 
carbide^ while the remaining one-third consists of ** crust," 
and contains a large proportion of lime and carbon which 
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have escaped conversion into calcium carbide. When the 
ingot is broken into small lumps for distribution to con- 
sumers the worst portions of the ** crust " are picked out, but 
a considerable amount of material of low quality, consisting 
partly of carbide and partly of useless lime and carbon 
mixture, is blended with the higher grade carbide. Occa- 
sionally a sample of carbide, consisting mainly of "crust" 
and yielding only about on6-half of the normal quantity of 
acetylene, is found on the market. 

Ruo Carbide — If an excess of lime be added to the 
carbon and lime mixture to be converted into carbide, the 
additional lime acts as a flux, and renders it possible to 
convert the whole mixture into a molten mass, which may 
be run out of the furnace into suitable moulds. When 
producing ingot carbide the temperature of the furnace 
becomes so high that the furnace lining is rapidly destroyed, 
and it is found that by using an excess of lime and pro- 
ducing run carbide the destruction of the furnace lining is 
less rapid. Run carbide is more uniform in composition 
than ingot carbide, but as it contains an excess of lime it 
will not yield so large a volume of acetylene as the best 
selected ingot carbide. When, however, the crust obtained 
with ingot carbide is mixed with the core of the ingot the 
mixture may be of less value than run carbide. Every 
consumer who uses carbide in considerable quantity should 
provide himself with some means of ascertaining the 
volume of acetylene evolved from a definite weight of the 
carbide supplied to him, and should insist that the price of 
the carbide be regulated by its quality. 

Protective Coverings for Carbide. — Many attempts 

have been made to protect carbide from the influence of 
atmospheric water vapour without interfering with its 
utility for the production of acetylene by contact with liquid 
water. The carbide has been soaked in glucose, which 
was intended to provide a coat which would be impervious 
to the atmosphere, but which would dissolve as soon as 
the carbide was immersed in water. The carbide has also 
been treated with liquid petroleum, paraffin-wax, tallow, 
glue, and other substances of a like nature, the object in 
some cases being merely to retard the rate of evolution of 
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the gas when the carbide was brought in contact with 
^ter. In other cases the carbide has been sealed in metal 
cartridges to be dropped into the water and then perforated 
with a suitable pointed tooL 

The steeping of carbide in glucose, oil, glue, or wax does 
not protect it efficiently from the action of atmospheric 
Water vapour, for if a sample of carbide so treated be 
exposed to the air for a week, it will be found to be more 
or less completely decomposed. The sealing of the carbide 
in metal cartridges is not convenient when the gas has to 
be generated in comparatively lar^ quantities, and the 
preservation of the raw carbide in stout metal drums with 
^r-tight lids remains the best and safest method of storage. 
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CHAPTER XXII. 

THE PROPERTIES AND GENERATION 

OF ACETYLENE. 



The Properties of Acetylene.— Pure acetylene is a 
colourless gas possessing a sweet ethereal odour. Com- 
mercial acetylene has a stronger and more offensive 
odour owing to the presence of gaseous impurities. The 
chemical formula for acetylene is Q Hg, which indicates 
that it consists of 92*3 per cent, by weight of carbon com- 
bined with 7 7 per cent, of hydrogen. It is soluble in water 
to a considerable extent, eleven volumes of gas being dis- 
solved by ten volumes of water at ordinary atmospheric 
temperature and pressure. The gas is much less soluble 
in water which has been saturated with common salt, but 
strongly saline solutions exert a corroding influence on the 
metal vessels commonly used for the generation or storage 
of acetylene. Acetylene is much heavier than coal-gas, 
but somewhat lighter than air. The approximate specific 
gravities of acetylene and other gases extensively used for 
lighting or heating purposes are shown in the following 
table : — 

Hydrogen . . . . . . . . . . 0*07 



Coal-gas 

Plain water-gas 

Natural gas, U.S.A. . . 

Carburettcd water-gas (26 c.-p.) 

Mond gas (power gas) 

Acetylene 

«**il t* •• •• •• 



0*42 

o'54 
056 

0*62 

079 

0*91 

I '00 



Acetylene gas can be converted into a colourless, trans" 
parent liquid under normal atmospheric pressure by cooling 
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1 to — S3 deg. C, or into a solid while crystaJIine mass by 
' cooling it to — 85 deg. C, The gas may be liquefied at a 
higher temperature if also subjected to high pressure. 
Acetylene is feebly poisonous, but it is less poisonous than 
ordinary coal-gas. 

Acetylene an Endothermic Compound.— Some 
compouiids absorb heat during their formation, and evolve 
that heat when they subsequently undergo decomposition. 
Such compounds are termed endothermic, and acetylene 
belongs to this class. Other comf)ounds evolve heat when 
they are formed and absorb heat when they are decomposed, 
and are termed exothermic. The endothermic character of 
acetylene is a factor which must be taken into consideration 
when considering its explosive value for engine driving, or 
its flame temperature, since to the heat of combustion of its 
compionent hydrogen and carbon is added the heat absorbed 
during its formation. 

Detonation of Acetylene.— Acetylene without ad- 
mixture with air can be decomposed with exploaive violence 
by firing in it a detonator such as mercuric fulminate, but 
unless the acetylene is under higher pressure than ordinary 
atmospheric pressure the explosion is extremely local, and 
is comparatively harmless, as the greater portion of the 
acetylene remains unaffected by the detonation. The pro- 
ducts of the decomposition by detonation are amorphous 
carbon and gaseous hydrogen. This amorphous carbon or 
"acetylene black" is now manufactured on a large scale by 
compressing the acetylene under a pressure of two atmo- 
spheres and exploding it by means of an electric wire or 
spark, air being carefully excluded. The carbon thus pro- 
duced is said to form a remarkably high-grade pigment, 

Exptosibility of Acetylene Mixed with Air. — 
Any mixture of acetylene and air containing from 3 to 82 
per cent, of acetylene may explode when ignited. The 
most violent explosion is produced when the proportion of 
acetylene amounts to fi^im 8 to 10 per cent, by volume of 
the mixture. In the presence of air acetylene can be 
ignited at a temperature of 896 deg. Fahr., which is con- 
^^iderably lower than the igniting point of coal-gas. 
^K Illuminating Power of Acetylene.— Lh'dei 
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most favourable conditions acetylene will give a flame of 
4^ c.-p. when burning at the rate of i cubic foot per 
hour, but this result is seldom or never attained in 
practice, A good commercial burner consuming com- 
mercial acelyieiie at a rate of i cubic foot per hour will 
give a light of about 32 c.-p. The relative illuminating 
values of acetyleiie and coal-gas per cubic foot of gas 
consumed per hour under good working conditions may 
be stated as follows: — PacnbEcfoot 

Acetylene 32 candles 

Cual'gas, Hat Hames ... ... 2\ „ 

„ incandescent mantle... 20 ,, _ 

Acetylene is so rich in carbon that 00 burner (has yet b 
devised which will consume it at a rate of 5 cubic feet per 
hour without producing cither a smoking Hame or a flame 
of comparatively feeble luminosity. In practice it is found 
necessary to employ burners incapable of passing more 
than I cubic foot of gas under ordinary pressures, and a 
large number of burners which consumj only A or | of a 
cubic foot per hour are ill use. 

The relative sizes of a coal-gas (lame and an acetylene 
flame of equal illuminating power are shown in fig. 55. 
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= :6-Condle Atelylene Flame, 
gas per hour. 
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The photographs show a i6-candle coal-gas flame 
(a) obtained from a No. 6 flat-flame burner when con- 
suming 6J cubi; feet of gas per hour under a pressure 
of 1 in., and an acetylene flame (i) which was photographed 
on exactly the same scale, and which was obtained from a 
Naphey burner passing J cubic foot of acetylene per hour 
under a pressure of 3 in. The best results with these 
particular burners were obtained with coal-gas under a 
pressure of i in., and with acetylene under a pressure 
of 3 in., the difference in pressure being necessitated by 
the difference in the specific gravities and carbon contents 
of the two varieties of gas, but with some acetylene burners 
of small size a pressure of i ^ inches is sufficient. 

Heating: Power of Acetylene-— The heating value 

of acetylene is much greater than that of any other gas 
commonly used for domestic or industrial purposes. The 
following table shows the relative heating values per cubic 
foot of each of the principal commercial varieties of gas : — 

CilDriet. 

Acetylene 

Natural Gas, U.S.A. 

Coal-gas... 

Hydrogen 



Water-gas (plain) 
Mond gas (power gas) 



379 
■225 

156 
8z 
76 
39 



Acetylene is therefore far superior, volume for volume, 
to coal-gas for engine driving or heating purposes, but its 
cost is in most cases prohibitive. 
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in which is situated a perforated basket (C) hal 
carbide. The basket is introduced into or remoA 
generator by taking off the cover, which is held 
by a screw and cross-piece as shown in the 
The water slowly rises within the generate] 
comes in contact with the lower portion of 
Acetylene is immediately generated, and passes 
condensing coil (E), from which condensed wa 
time to time drawn off. From the conden 
passes into the gasholder (F), or may be 
through a purifier and then into the gasholder, 
carbide basket is completely flooded with wa 
ceases to be evolved, the water-supply cock ai 
(D) between the condenser and the generator 
the sludge in the generator is removed by 
' lever cock at the base, the carbide basket is n 

its contents discharged, and the apparatus is tl 
, be recharged. 

The water-tank is only slightly raised above t\ 
I and the gas outlet pipe from the generator is 

j higher than the top of the tank, so that it is in 

■ the water to flow over into the condenser, 

which admits water into the generator is of 
1 bore, so that water cannot flow into the ger 

rapidly, and in the event of any obstructio 
in the outlet pipe from the generator the 
the gas within the generator drives back the 
the carbide before the pressure has become conj 
The illustration (fig. 56) sshows a plant i 
supply sixteen acetylene flames, each consum 
foot per hour, for a period of five hours with- 
the holder. 

When the quantity of acetylene to be mam 
large, a number of these small generators ar< 
in the form of a battery to one large gasholder ( 
This is preferable to making one large g 
contain all the carbide to be decomposed, 
decomposing a large bulk of carbide in this i 
heat accumulated within the generator during 
of decomposition is apt to be excessive. The 
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are sometimes provided with water-jackets, but this ii 
quite unoecessary, since no harm is done if the tempera- 
ture ol' the generator does not rise above that which the 
hand can bear without discomfort, and there is no difficulty 
in decompiosing the whole of the carbide without exceeding 
this temperature if the flow of water to the carbide ii 
stopped when necessary. The battery of generators shown 
in fig. 57 is connected to a suitable condenser, and is 
adapted to fill a holder of 4,000 cubic feet capacity. 
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In water-jacketed generators or in gcncrtCfftf In wliMi 
carbide falls into a large volume of water, iiVKtii'Miiin iimy 
occur even though the temperature of tJie walli nf tUn 
generator be not materially raided. 

Another form of non-automatic generalJ/f 1* ll»«< liiiiuil 
factured by the British Pure A«rtylcw« ti»* HywUiMtn 
(fig. 58). This apparatus also iia» (t«; merli -if i-ttritiP' 
simplidly. The carbide is pUctd In an inm |k*( (A) ha« 
a lid with a central perforation. Tbif U ^lunfr 
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, ek»cd <t^ Ci) from the open air. The water 
slowly enters the 

carbide pot through 
llie perforation, and 
the gas generated 
bubbles up through 

passes through a 
waslier (D), and 
from thence passes 
through a pipe (E) 
to a gasholder. 
When employing 
an apparatus of this 
type, a certain pro- 
portion of acety- 
lene is lost owing 
to its solubility in 
water, and the 

able 
odour owing to 
the solubility of 
sulphuretted hy- 
drogen, ammonia, 
and other im- 
purities in the 
water. The foul- 
ness of the water 

matter of impor- 



whe 



the 



:enerator is situa- 

;ed at some distance 

the dwelling 



aa ine 
water I 
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siderable proportion of the impurities frtim the gas is some 
compensation for the loss of acetylene which occurs. 

Automatic Generators- — in Strode'a " Simphcity " 
generator (fig. 59), which is manufactured for installations 
not exceeding twenty lights, water rises to carbide, the 
supply of water to the carbide being automatically con- 
trolled by the rise and fall of the bell of the gasholder. 
In the illustration, A is the gasholder tank, B is a tapered 
gas bell, C the Hp for filling the tank with water, D a 
cylindrical chamber for holding the carbide container, E the 
carbida container attache to D by a bayonet joint, Fare 
trays in which the carbide is placed, O is the gas outlet 
pipe, H the lid for introducing or removing the carbide 
container, and J is a trap for condensed water. 

Each tray is half filled with carbide and placed in the 
generator. When the generator cover has been closed, the 
gasholder lark is slowly filled with water until sutftcienl 
gas has been generated to cause the gas bell to rise about 
6 in. More water is then added until the water level 
mark is reached. The apparatus will then work without 
attention until the whole of the carbide has been decomposed, 
because when the gas is generated at a faster rate that it is 
consumed the bell rises and the water level in the tank is 
in consequence lowered, and water ceases to flow into the 
generating chamber ; while, if the consumption is more 
rapid than the generation, the bell descends, and, owing to 
its tapered form, the lower it descends the larger is the 
volume of water displaced, and the larger is the volume of 
water which flows to the generating chamber. 

Strodc's " Perfect " (fig. 60) generator is another form of 
automatic generator, but in this case the carbide is dropped 
into a large volume of water, instead of water being allowed 
to rise around the carbide. The carbide container (C) is 
situated above a re\'olving cone having a spiral chamber 
into which the carbide falls by its own gravity. The cone 
is actuated by a water-wheel 1 11) wliii'ti di-.i hargca carbide 
into a wire-gauze chamber -"i ' tiiini r (I), which is 
immersed in the water con' '" i" i-ii"r-tank, 

"When water is dischary' '-keis of the 

■'water-wheel until the po ' turns a 




Fig. 60.— Automalic Carbide-lo-Water Cenerntor. 
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(M), the walls of which displace the water in the gasholder 
tank when the bell descends, and causes it to overflow and 
be discharged upon the wheel. The water employed to 
actuate the wheel falls subsequently into the generator tank 
(I), which is provided with a suitable overflow. 

In order to maintain the necessary quantity of water in 
the gasholder tank, a water regulating tank fitted \nth 
double ball -valves and an overflow, and connected with the 
water main, is provided. A box-shaped cover (B) slips 
over the carbide container and water-wheel, and dips some 
distance into the water, thus forming a gas-tight seal. The 
container can be charged with carbide b}'^ removing the cap 
(A), water is conveyed from the gasholder tank and 
discharged over the wheel through the pipe (G), the gas 
produced p^asses from the generator to the gasholder 
through the pipe H, while K is the pipe emploj^ed for 
filling the generator tank with water, and L the pipe which 
conducts the acetylene from the gasholder to the burners. 

Location of Generators. — Acetylene generators 
should never be fitted in the basement or any other part of 
a dwelling, for the operation of cleaning and recharging is 
always accompanied by the evolution of a disagreeable 
odour, which is so penetrating that it soon becomes 
disseminated throughout the entire building. The 
generator should be situated in a detached building, and 
should never be exj>osed to the action of frost, as the 
freezing of the water in the gasholder tank or supply 
cistern would put the apparatus out of action. The carbide 
may be stored in the generator house on platforms or 
shelves raised above the floor level, so that if a bucket of 
water be accidentally upset the water cannot come in contact 
with the vessels in v/hich the carbide is stored. The 
generator should be charged in daylight, and no flames 
should be allowed in the generator house. When the 
charging cannot be performed b}* daj'light a glazed window 
should be proxdded in the generator house, and a lamp 
should be fitted outside the house in such a position that 
sufficient light will be thrown by the lamp through tlic 
window into the generator house to enable the necessa;y 
work to be accomplished. 
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The waste sludge should never be passed directly into a 
sewer, but should be discharged into an open intercepting 
pit or tank, so that the evolution of gas from any portion of 
the carbide which may have escaped decomposition in the 
generator cannot result in the formation of an explosive 
mixture in a confined space. 
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been found by Professor Lewes to contain the following 

substances : — 

Grains per 
Litre. 

Lime . . . . . . 16*28 

Sulphur 6*92 

Phosphorus 4*0 1 

Jron and Alumina . . . . . . 0*19 

Ammonia . . . . 7*14 

It is evident, therefore, that by simply passing the gas 
through a condensing coil it may be purified to a certain 
extent, and for outdoor illumination it is not necessary to 
subject the acetylene to further purification, but for indoor 
use it should be more completely purified. 

Frank's Acid Cuprous Chloride as a Purifier.— 

For the more complete removal of the ammonia, sulphur- 
etted hydrogen, and phosphuretted hydrogen, many systems 
have been proposed, but few are of any value for domestic 
use. Frank's purifier, consisting of a solution of Cuprous 
chloride in hydrochloric acid has proved one of the most 
successful. The siliceous porous earth known as kieselguhr 
may be impregnated with this solution, since it is not 
attacked by the acid solution, and simply acts, as an 
absorbent. It is found that the solid material thus pre- 
pared is less objectionable to handle than the liquid. The 
ammonia in the gas is neutralised by the acid and is con- 
verted into ammonium chloride, the sulphuretted hydrogen 
is decomposed and produces a black precipitate of copper 
sulphide, and the phosphuretted hydrogen is partly 
absorbed and partly precipitated as copper phosphide. 

Ulmann's Chromic Acid as a Purifier. — Another 

good purifying agent is the solution of chromic acid mixed 
with sulphuric acid proposed by Ulmann. This liquid also 
removes ammonia, sulphuretted hydrogen, and phosphur- 
etted hydrogen from the acetylene. 

Bleaching Powder as a Purifien— Bleaching 

powder may also be used for the removal of sulphuretted 
hydrogen and phosphuretted hydrogen, but the ammonia 
must first be removed by other means, because it may 
possibly react with the hypochlorite of lime to form an 
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explosive chloride of nitrogen. The h3rpochlorite of lime 
in the bleaching powder oxidises the phosphuretted 
hydrogen and the sulphuretted hydrogen, and produces 
phosphate of lime and sulphate cf lime respectively. To 
remove any traces of chlorine which may be carried forward 
from the bleaching powder, the gas after leaving a purifier 
containing bleaching powder should be passed through a 
vessel containing slaked lime. To render the bleaching 
powder more porous, Wolff mixes with it a small propor- 
tion of lead chromate, and the mixture then appears as a 
powder of a uniform yellow colour. Thorn and Hoddle 
employ a mixture of bleaching powder and oxide of iron. 

It has been a common practice to mix sawdust with the 
bleaching powder to expose a larger surface of the powder 
to the action of the gas, but Ahrens has shown that under 
certain conditions reaction may take place between the 
sawdust and the bleaching powder, and be accompanied 
by the evolution of heat. Sawdust should therefore be 
discarded in favour of kieselguhr, powdered coke, lead 
chromate, or other substance unaffected by the bleaching 
powder. Professor Lewes considers that every precaution 
should be used when adopting bleaching powder as a 
purifying agent, because many cases of spontaneous 
ignition and explosion have occurred when air has been 
admitted to bleaching powder purifiers which have been in 
use for some time, and because it has long been known 
that free chlorine may cause the explosion cf a mixture of 
air and acetylene. 

White '* Haze " Produced by Combustion of 

Acetylene. — When acetylene has been burning for a 
considerable period in a room not efficiently ventilated, 
a white haze is sometimes apparent in the atmosphere. 
This haze is only formed when the acetylene has not been 
purified from phosphuretted hydrogen, and is due to the 
formation of phosphorus pentoxide, which has a remarkable 
affinity for water vapour, with which it forms phosphoric 
acid. An extremely small proportion of phosphuretted 
hydrogen will give rise to the white haze, and it is 
imperative that this impurity should be removed before 
the acetylene is consumed in confined spaces. 
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The formation of the haze may often be prevented by 
simply passing the gas through a condenser, then through 
a washer, and finally through a dehydrating material such 
as quicklime ; but it is always safer to pass the gas through 
one of the purifying agents previously mentioned. 

Combustion of Acetylene. — For complete combustion 
one volume of ac3tylene requires 12*5 volumes of air, 
whereas one volume of coal-gas requires only about 
5I volumes of air. To enable the acetylene flame to 
meet with sufficient air for its complete combustion, it is 
necessary to supply the gas to the burner under higher 
pressure than that employed for coal-gas luminous flames, 
and to use burners having smaller orifices than those pro- 
vided for coal-gas. To produce a luminous flat flame with 
coal-gas, a gas pressure of about | in. is, as a rule, most 
suitable, but for acetylene the best results are usually 
attained when the gas issues from the burner under a 
pressure of from i| to 3 inches. The exact degree of 
pressure required to obtain the best results varies with 
different burners, but it should be remembered that every 
burner requires to be supplied with gas under a certain 
definite pressure, and that any departure from that point, 
whatever it may be, must result in a reduction "in the 
illuminating efficiency obtained from the acetylene. 

The acetylene flame photographs reproduced in figs. 61, 
62, and 6^ show tlie effect of variations in pressure upon 
the appearance of the flame. The burner employed was a 
*'one-cubic-foot-per hour " burner of the Naphey type, and 
the three flames were obtained from the same burner. 

For fig. 61 tlie gas was supplied to the burner under 
a pressure of 4 in. This pressure was excessive, and 
caused the top of the flame to become elongated and forked 
in the centre. 

For fig. 62 the pressure was reduced to i in. This 
pressure was too low and resulted in an excessive thicken- 
ing of the lower portion of the flame. The top of the 
flame had a tendency to become elongated at its outer 
edges, and became depressed in the centre. Although the 
blue spot in the lower part of the flames, which was so 
conspicuous^ when an exccsive pressure was employed, 
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mcst disappeared, the flame was loo smoky for practical 
use, and lost its extremely brilliant appearance. 

For fig. 63 the gas pressure was adjusted until ihe most 
perfect flame was obtained, and was theii found to be 
equal to a 2-in. column of w 




Fig. 63.— Fiess 



Bray Burners for Acetylene.— Bray burners for 
acetylene resemble Bray coal-gas burners in outward 
appearance, but have extremely small orifices. They j 
a good result for a time, but gradually become clioke^ 



1 outward ^ 
They give ^B 
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a carbonaceous deposit They can, however, be bought 
retail for 2d. each, and many acetylene consumers employ 
these burners, and discard them when they begin to yield 
a smoky flame, in preference to buying more costly burners 
which remain serviceable for a longer i>eriod. 

The ** Naphcy" Burner. — ^The tendency of acetylene 
to burn with a smoky flame and to leave a carbonaceous 
deposit in the burner orifices greatly detracted from the 
practical utility of the gas when it was first adopted for 
domestic lighting. To overcome this trouble Bullier and 
others devised burners having air passages formed in the 
burner tip. A burner of this type is that known as the 

" Naphey " burner (fig. 64). 
It consists of a metal tube 
having two arms, which 
near their extremities are 
bent towards one another 
at right angles. The end 
of each arm is fitted with 
a steatite or lava tip 
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Fig. 64. — Naphey Burner. 



having side holes for the 
admission of air, and a 
central passage for the exit 
of both gas and air. When 
the jets issuing from the 
two burner tips are ignited, 
the two flames impinge 
upon one another and 
produce a flat flame. Owing to the provision of the 
air holes, the flames do not quite touch the tips of the 
burner but burn just above them, and consequently the 
burner tips are not so speedily blocked with carbon as 
those of the Bray union-jet type. In these burners the air 
does not mix with the gas in sufficient volume to materially 
reduce its illuminating power, but merely forms an envelope 
around the issuing gas and protects it from contact with the 
heated burner tips. A modification of the Naphey burner 
which has also been extensively used is shown in fig. 65. 

The "Shaffer " Burner. — When the Naphey burner 
had been in use for some ^ime i^ was found that the meta\ 
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arms sometimes became warped, with the result that the 

two jets were displaced from their proper relative positions, 

and the flame became distorted and had a tendency to 

smoke. This trouble was, however, soon overcome by 

constructing the arms of the same rigid material as the 

burner s tips. Shafler s burner (fig. 66) 

is a good example of burners of this 

type. 

. A host of burners of both the Naphcy 

and the Shaffer type are on the market, 

but it does not come within the scope 

of the present series of articles to 

attempt to discriminate between them, 

or to discuss the various claims for 

priority of discovery. 

^. , The " Phos" Burner- A number 

SJS^'";:^^n'^''^''"°of burners fitted with mcchnninil 
of JNaphey Burner. , . /. .1 « 1 

' devices for removing the carbon dcpimith 

as soon as they are formed have been paten trd, but the 

only one which calls for mention is the **IMi6s" burner 

(fig. 67). The construction of the burner will readily tc 




AlF^ I 



M 




Fig. 67.-^" Pho« *' Acdylcna 

Fig. 66. — * * Shaffer *' Acetylene 
Burner. 

understood by reference to the illustration. 'Mm: drpnhll \ti 
removed by screwing up the button (A), wliirh pUMlirh llir 
wire (B) through the burner tip (C). 'l\w arnm of tlin 
burner are made of soft metal, and can l)f* twlHtr-cl intr 
their proper position with the fingcrM if thrry ' 
warped and cause distortion of the flame* 
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Incandescent Mantles with Acetylene.— From 

time to time acetylene burners of the Bunsen type have 
been constructed with the intention of using them in con- 
junction with incandescent mantles, but although a higher 
lighting efficiency may be obtained from the mantles with 
acetylene than with coal-gas, the former gas is at present 
too costly and too difficult to use in atmospheric burners to 
be suitable for incandescent lighting. 

Cooking and Heating Appliances. — Acetylene can 

be used with specially-constructed burners for cooking and 
heating purposes in the same manner as coal-gas, but it is 
more costly, and it is more difficult to construct satisfactory 
atmospheric burners for acetylene than for coal-gas, owing 
to the larger proportion of carbon contained in the acetylene 
and its wider range of explosibility. Acetylene has, how- 
ever, been successfully adapted to ring burners for the 
boiling of water, and the troubles attendant upon its use as 
a heating agent for other appliances will no doubt be over- 
come after further experience. Luminous flames can be 
employed for heating and cooking in the same manner as 
luminous coal-gas flames, but have a greater tendency to 
emit free carbon. 
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CHAPTER XXV. 

PIPES AND FITTINGS FOR ACETYLENE 

INSTALLATIONS — SOME PORTABLE 

ACETYLENE APPLIANCES 

Pipes ctlld Fitting^. — All buildings in which acetylene 
is used should be quite free from any odour of the gas, and 
where an odour is present it is due to the use of defective 
pipes or fittings. No compo pipe should be employed, 
but all pipes should be iron barrel of the best quality, and 
should be connected together without the use of packing 
or paint. White lead mixed with oil, and other substanccH 
of a like nature commonly employed when connecting 
pipes for coal-gas distribution, should not be used, becauHo 
they are attacked by the acetylene, and their cenxMiling 
power is soon destroyed. The threads may be duHtcd with 
finely-ground plumbago, but the pipes should be HuHlciently 
well made and threaded to enable gas-tight jointM to hn 
made without the aid of any cementing material. Tli^i 
brackets and pendants should be constructed of Htout nu^tnl, 
preferably iron. Fittings of the best quality which hiiv^' 
been used for coal-gas may be employed for ar^fylrnr- If 
they are thoroughly overhauled and refitted by a cntn\tt^\rui 
fitter, but cheap brass fittings of brazed tiibf* miml b«« 
rejected. When the work of connecting all Ihr- imit«« 
of an installation has been completed, th^ iui^ 
should be tested until found to be pcrfisci\y 
or gas-tight under a pressure of 20 in. 
attemptLig to ignite the gas at any 
gasholder should be filled with M 
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tube should be attached to the gas-bracket or pendant most 
distant from the gasholder. The free end of the rubber 
tube should then be passed through a window into the open 
air, and acetylene from the holder should be allowed to 
pass through it until all the air in the pipes and fittings has 
been replaced by acetylene. The freedom of the acetylene 
issuing from the mouth of the rubber tube from contamina- 
tion with air may be ascertained by passing it into an 
inverted test-tube. If the test-tube, after being filled with 
gas, be removed from the neighbourhood of the rubber tube, 
and the gas within it be ignited, it will burn quietly if free 
from air, but will ignite with a sharp explosion if air be 
present in dangerous quantity. 

Portable Appliances. — ^The high illuminating power 
of the acetylene flame, even when the gas is being con- 
sumed at the rate of only j cubic foot per hour, renders 
this illuminant very valuable for all kinds of portable lamps. 
For the temporary lighting of building and engineering 
works, for searchlights and signalling, for carriage and hand- 
lamps, for the lighting of camps, and for isolated lamps in 
village streets or public or private grounds, acetylene is 
admirably adapted. For ponable lamps automatic gene- 
rators have always to be used, and the carbide has usually 
to be broken into pieces of very small dimensions. The 
yield of available gas per pound of carbide consumed is not, 
therefore, so large as that obtained with stationary non- 
automatic generators. Portable acetylene generators can 
be constructed to meet alm6st every conceivable requirement, 
and the ease and safety ^ith which carbide can be trans- 
ported, and acetylene generated by simple contact of the 
carbide with water, renders acetylene much preferably to 
oil as an illuminant for outdoor use. A number of 
acetylene table-lamps for indoor use have also been devised, 
but none are altogether satisfactory, and the garlic- like 
odour of . impure acetylene is generally more or less 
noticeable in rooms in which they are employed. Even if 
they do not emit an odour w^hen in use, the oi>eration of 
cleaning and recharging the generator cannot be performed 
without creating a nuisance. The cleaning may, of course, 
be perfornaed in the open air outside the house, but only 
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Fig.'6S.— Generator affixed; Fig. 69 —Generator located in 

externally to Limp Coluirn. Chamber at Base of Lamp 

Column. 



3t8 CAS AND GAS yiTTINGS. 

an acetylene enthusiast will use a lamp requiring such 
treatment throughout the cold winter months. 

Street Lamps. — street lamps may be lighted with 
acetylene generated at a central station and conveyed 
through small gas mains to the lamps in the same manner 
as coal-gas ; but where isolated tamps in villages or 
carriage drives have to be provided, a small portable 
generator may be attached to the upper part of the lamp 



column as shown iu fig. 68, ( 

C3 



r may be located in a lock-up 

chambfer in the base of the 

column as shown in fig. 69. 

Lamps ' for Cars or 

Omnibuses. — A large 

I number of cars and omni- 
] buses are now lighted by 

cetylene, the " Phfls " 
Compiany alone having 
already fitted 2,000 of the 

II London omnibuses with 
cetylene lamps in place 

J of the oil lamps formerly 
employed. One of the 
"PliOs" lamps used for 
this purpose is shown in 
perspective in fig.'. 70, and 
the lower portion of the 
lamp in which the acetylene 
is generated is shown in 
section in fig. 71. The 
lamp is fixed on the right 
hand front of the car, and 
v.ara or vmniuusis, sliows a light ahead at 

the same time that a comparatively brilliant light is 
thrown into the car. The carbide container is situated in 
the lower part of the lamp. The lid of the 
wire gauze or perforated metal, and the base o 
metal plate which is pressed upwards by a spring. The 
object of (he spring is to press the upper layer of carbide 
against the perforated lid, and to thus ensure uniform 
and continuous decomposition. The water reservoir is 




Fig. 70. — Aceljlsne Lamp for 
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situated above the carbide container, and is fitted with an 
adjustable valve from which water drips upon the perforated 
lid of the carbide container and comes in contact with the 
carbide. As the lamp is fitted outside the car no danger is 
incurred by its use ; and no annoyance to inside passen- 
gers is caused by leakage of gas, if any lealcage occurs. 

All the different forms of " PhOs" lamps are constructed 
upon this priBciple, although slight modifications in con- 
structive details are made to render each lamp suitable for 
the particular purpose for which it is intended. 




Fig. 71 



far Omnibut Lump. 



Lamps for Build ing: Works.— Hand lamps consiHtiiig 
of lantenis connected to portable acetylene generators are 
made in all sizes and designs. A form of lamp suitable for 
use on building and engineering wcrks is shown in fig. T3. 

Cycle Lamps. — Patents have been obtained for a great 
number of acetylene cycle lamps, many of which dmt\y 
resemble one another in all essential details ; but few, If 
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any, of the lamps are altogether satisfactory. In some th6 
carbide has to be used in the form of cartridges, and it is 
often difficult to obtain these at the, moment when they are 
required. In others the water is admitted to the carbide 
through a porous medium such as felt or cotton wick, and 
this soon becomes choked with lime. Others are provided 
with a carbide container of insufficient capacity, and the 
lamp goes out before the evening's journey 'is completed. 
Many of the lamps cannot be used without the generation 





Fig. 72. — Acetylene Lamp 
for General Use. 



F'g' 73. — Projector for Use ^iih 
Acetylene. 



of an offensive cdour, and in many the gas continues 
to be generated for a long period after the lamp has been 
extinguished. In spite, however, of all these disadvantages, 
and of the fact that acetylene is more costly than oil, 
acetylene cycle lamps remain very popular, and are in 
demand in every part of the country. 

Sij^nal and Searchlights. — The brilliancy and pene- 
trating power of the acetylene flame, and the ease and 
freedom from danger with which calcium carbide, as 
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compared with oil, may be transported, renders it extremely 
valuable for military purposes, and it may also be used 
with advantage as a searchlight when the more powerful 
electric arc light is not available. It has been proposed 
that acetylene searchlights should be used by fire brigades 
to enable the men to see more clearly through the steam 
and smoke in which the burning structure is frequently 
enveloped, and generators mounted on wheels, like those 
often used by contractors, have already been constructed 
for this purpose. The acetylene signal and searchlights 
constructed by different firms of generator makers are 
usually supplied with acetylene from flexible pipes 
connected to small generators which work upon the same 
principle as those provided for domestic lighting. A 
projector to be used with acetylene for searchlight purposes, 
which is supplied by the ** Bon- Accord " Company, and 
which is intended especially for use on ships, but is 
adapted for use in other situations, is shown in fig. 73. 
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CHAPTER XXVI. 

BRITISH LAWS AND REGULATIONS 
RELATING TO ACETYLENE AND 
CALCIUM CARBIDE-FIRE INSURANCE. 

• 

When calcium carbide was first placed upon the markets 
as an article of commerce very little was known by the 
general public concerning its nature and properties, and a 
number of acetylene generators were constructed which 
were a source of danger to those to whom they were sold. 
Fatal accidents, moreover, occurred in America and en the 
Continent, owing to the attempt to use acetylene com- 
pressed and liquefied in metal cylinders under high 
pressures, and it \i*as not until acetylene in this condition 
had been proved to be an extremely dangerous explosive 
that the use of compressed or liquefied acetylene was 
abandoned. The British Government speedily recognised 
the desirability of safeguarding the public by introducing 
reasonable regulations as to the conditions under which 
carbide and acetylene may be used, and public confidence 
in the new illuminant has been restored by the fact that, 
since these regulations have been enforced, acetylene has 
been extensively used in this country under a great variety 
of conditions with very few serious accidents. 

Acetylene has now been used for a sufficiently long 
period, and in sufficiently large quantities, to prove that it 
may be safely used by the general public for all ordinary 
illuminating purposes, provided that the conditions under 
which it is used do not violate any of the legal enactments, 
of which brief digests are given in the present chapter, and 
that such reasonable precautions are taken as are set forth 
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in the printed Regulations issued by the Public Control 
Department of the London County Council for use within 
the area under the jurisdiction of that Council. 

The Storas:e and Transport of Carbide. 
Calcium Carbide placed under the Petroleum 

Acts. — By an Order in Council, dated February 26, 1897, 
calcium carbide is brought under the Petroleum Acts, 1871 
to 1 88 1, with the deletion of certain clauses which relate 
only to petroleum and similar liquids, and with the following 
additions : — 

The label on a vessel containing calcium carbide must 
bear inconspicuous characters the words : — 
" Carbide of Calcium." 
" Dangerous if not kept dry." 

' " The contents of this package are liable, if brought into 
contact with water, to give off a highly inflammable 
gas." 
Also every package or vessel must bear upon it : — 

(a) The name and address of the consignee or owner, 
if the package is to be kept. 

(b) The name and address of the sender, if the vessel is 
to be sent or conveyed. 

(c) The name and address of the vendor, if the vessel is 
to be sold or exposed for sale. 

Licence Required. — Under the Petroleum Acts it 
becomes unlawful for any person to keep any quantity of 
calcium carbide, whether for sale or for use, without a 
licence from the Local Authority. By an Order in Council, 
dated July 7, 1897, a quantity of calcium carbide not ex- 
ceeding 5 lbs. is permitted to be kept without a licence on 
any premises, provided that it be kept in *' separate, sub- 
stantial, hermetically closed metal vessels containing not 
more than i lb." 

Where calcium carbide is to be stored in greater quantities 
than 5 lbs. in i lb. tins, a licence, granted for a sum not 
exceeding 5s. per annum, must be obtained from the Local 
Authority, and must be renewed every year. The '^nnHi- 
tions to be attached to such licence rest entirely 
.Local. Authority, and may vary in different dip 
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usually only such reasonable conditions as are required to 
afford protection in the use and storage of the carbide are 
written upon the licence. In most districts the issue of 
carbide licences is made from the office of the Surveyor to 
the Borough or District Council, but in the area. controlled 
by the London County Council the licences are issued from 
the Public Control Department of the Council after inspec- 
tion of the premises and of the vessels in which the carbide 
is to be stored, and the apparatus in which it is to be 
decomposed, by one of the Council's inspectors. 

Acetylene. 
Liquid or Compressed Acetylene Prohibited— 

By an Order in Council, dated November 26, 1897, acetylene 
is declared to be an explosive when in a liquefied condition, 
or when subjected to a pressure exceeding 100 in. ^f water, 
and in such condition acetylene is " prohibited from being 
manufactured, imported, kept, conveyed, or sold." 

Exception. — " If it be shown to the satisfaction of 
the Secretary of State that acetylene declared to be an 
explosive by this Order, when in admixture with any 
substance, or in any form or condition, is not possessed 
of explosive properties, the Secretary of State may by 
an Order exempt such acetylene from being deemed to 
be an explosive within the said Act." 

Compressed Mixtures of Acetylene and Oil- 
Gas. — By an Order of the Secretary of State, dated 
March 28, 1898, it is ordered that a mixture of acetylene 
and oil-gas not containing more than 20 per cent, by 
volume of p.cctvlene, and not subjected to a greater 
pressure iliAn 150 lbs. to the square inch, shall not be 
deemed an expl'^sive within the meaning of the Act, 
provided that the acetylene and oil-gas be mixed together 
before tb't gases are compressed. 

Acetylene compressed into Porous Substances. 

— Certain substances have the property of absorbing a 
large proportion of acetylene when the gas is passed 
into them under pressure, and of evolving the acetylene 
in a continuous stream when the pressure is relieved or 
the temperature of the substance is raised. The ^ubstfince 
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containing this absorbed acetylene does not possess 
the explosive character of liquefied or highly-compressed 
acetylene. The liquid known as acetone is capable of 
^sorbing 300 times its own volume of acetylene when 
the gas is passed into it under a pressure of 180 lbs. per 
square inch. An Order of the Secretary of State (No. 6), 
dated April 10, 1901, declares that acetylene, when com- 
pressed into porous substances, with or without acetone, 
shall not be deemed to be an explosive within the meaning 
of the Act, provided that the porous substances to be used 
shall be similar in every respect to samples depK>sited at 
the Home Office, that the pressure does not exceed 150 lbs. 
to the square inch, and that certain other conditions set 
forth in the Order be not violated. 

Acetylene Mixed with Air Prohibited. — By an 

Order in Council, dated May 15, 1900, it is ordered 
that acetylene in admixture with air or oxygen shall be 
prohibited from being manufactured, imported, kept, or 
sold. Nothing in this Order applies to mixtures produced 
by admitting air into the burner, or to air unavoidably 
admitted into the generator when recharging. 

Conditions of Licence from Local Authority. — 

Local Authorities may attach any conditions which they 
consider necessary to the carbide licences issued in the 
districts over which they have control, but the printed 
regulations issued by the London County Council may with 
advantage be used as a model by other Local Authorities, 
and the following extracts therefrom include all the essential 
conditions. 

London County Council. —In addition to the regu- 
lations as to the labelling of vessels containing carbide 
to which reference has already been made, the London 
County Council has drawn up the following list of rules 
relating to acetylene and calcium carbide for use within 
the County of London : — 

I. Application to the Council for a licence to keep 
carbide of calcium at any place in the County of London 
(except the City of London) must be made upon the 
form provided for the purpose, which can be obtained by 
application in writing, addressed to the Chief Officer, 
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Public Control Department of. the London County Council, 
6, Waterloo Place, S.W. 

2. Every application must be accompanied by a fee of 
5s. in money, or, if sent through the post, by cheque 
or postal order for that amount payable to the order 
of the London County Council. The fee will be returned 
to the applicant if the licence be not granted. 

3. Every application must state — 

(a) The quantity of carbide which the applicant 
desires to keep ; 

(b) The proposed place and method of storage ; 

(c) If the carbide is only to be kept in closed 
vessels, or if it is to be used in the manufacture of 
acetylene gas. 

4. Carbide of calcium should' 'be kept in strong metal 
vessels, and — 

(a) Such vessels should be constructed and closed 
as to prevent the admission of water or atmospheric 
moisture. 

(b) Such vessels should only be opened for the time 
necessary for the removal of any required quantity of 
carbide, or for the refilling of the vessels. 

(r) No vessel should have a greater capacity than 
3,696 cubic inches (equal to a cylindrical vessel 14 in. 
in diameter and 24 in. in depth). 

{d) Every vessel of a greater capacity than 2 lbs. 
should be provided with a lock or be placed in a 
locked receptacle, so as to prevent unauthorised, 
j)crsons gaining access to the contents. 

(f) Copper should not be used in the construction of 
vessels for containing carbide. 

5. Vessels containing carbide of calcium should not be 
kept inside dwclHng-houses, but preferably in dry and^ 
well-ventilated outbuildings. 

6. Small quantities of carbide for sale or immediate use 
will, however, be allowed in shops, dwellings, cr work- 
shops, upon licensed premises, if the arrangements are 
satisfactory. 

7. The Council proposes only to grant licences to keep 
carbide of calcium which is pure (in a commercial sense),. 
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Lt,j which contams no impurities liable to genecate phos- 
phuretted or siHduretted hydrogen so as to render the gas 
evolved liable to ignite spontaneously. 

8. Where carbide of caldom is kept for the manufacture 
of acetylene gas^ it is desirable that such of the following 
precautions for ensuring safety as are applicable to the 
circumstances, should be adopted : — 

(a) Every apparatus for generating and storing 
acetylene gas should be placed in an outbuilding. 
(This does not apply to portable apparatus holding a 
charge of less than 2 lbs. of carbide.) 

{b) Such building should be situate as far as may be 
practicable from inhabited buildings, and should be 
well ventilated. 

(r) No fire or artificial light as would ignite 
in4a^mable gas should be taken into or near the 
building or place jvhere a gasmaking apparatus is 
situate. 

9. Every apparatus (including generator and gasholder) 
used for acetylene gas should as far as practicable be 
constructed and used so as to provide against the special 
risk, i.e, : — 

(a) Copper should not be used in any part of the 
apparatus ; 

(^) The various parts should be of adequate 
strength ; 

(r) Elscape of gas from the apparatus should be 
carefully guarded against ; 

{d) Satisfactory provision should be made against 
dangerous development of heat ; 

{e) Satisfactory provision should be made against 
undue pressure by the employment of an adequate 
safety valve connected with a pipe discharging into the 
open air, and a suitable pressure gauge, should be 
attached to the apparatus : 

(/) Provision should be made for the residue of thfe 
carbide being mixed with at least ten times its bulk of 
water on being removed from the apparatus ; 

{g) No person should have charge of an appar 
until he has been properly instructed in its manai* 
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10. Licences are granted for keeping carbide of * calcium 
for periods not exceeding one year, and prior to expiration 
application must be made for their renewal. Notice of the 
expiration, and a form of application for renewal, is sent to 
each licensee at the proper time. 

With reference to the foregoing regulations it may be 
mentioned that under certain conditions, which seldom exist 
in practice, copper may be attacked by acetylene, and a 
highly explosive compound, known as copper acetylicle, 
formed. Danger from overheating or excessive pressure 
only exists when generators of faulty design or construction 
are employed. 

Danger of spontaneous ignition of the acetylene through 
the presence of impurities in the carbide does not exist at 
the present time, because the quantities of phosphuretted 
hydrogen and siliciuretted hydrogen evolved from the 
carbide now manufactured are much below the danger 
limits. 

The following is a copy of the " application form " for a 
carbide licence issued by the London County Council : — 

LONDON COUNTY COUNCIL. 



PUBLIC CONTROL DEPARTMENT. 



Petroleum Acts, 1871 to 1881, 

And Orders in Council dated February 26, 1S97, and 

July 7, 1897. 

Reg. No, 

Application to the London County Council for a Licence 

to keep Carbide of Calcium. 

This application should be fully filled up in accordance 
with the following instructions, and forwarded to the Chief 
Officer of the Public Control Department, London County 
Council, 6, Waterloo Place, S.W., with a P.O. or cheque 
for 5s., payable to order of the London County Council, and 
crossed. This fee will be retained if the licence be granted, 
or returned to the applicant if the licence be refused. 
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State Christian name and sur- 
name of the applicant. 

If a firm, the names of ea^h 
member in full. If a company, 
the name of the company and 
its secretary. 



State situation of the premises 
for which the licsnce is required. 

State quantity desired. 

If the quantity is 10 cwt. or 
more, a plan must accompany 
this application, showing the pro- 
posed place and method of storage, 
and the buildings within 50 ft. of 
such place. The plan must be to 
the scale of J in. to i ft. 

State if the carbide will be 
kept and sold unopened in the 
vessels in which it is received, 
and, if not, what will be done 
with it. 

State in what vessels the car- 
bide will be kept, capacity of 
vessels, how closed against mois- 
ture, and of what material con- 
structed. 

State {a) in what part of the 
premises the carbide is to be 
kept ; {b) the construction of the 
store ; {c) if the store is used 
for other purposes, and, if so, 
what. ^ 

State if the carbide is to be 
used for the manufacture of 
acetylene gas, and if so, state — 

(a) The make and capacity of 
the generator. 
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lOI 


2138 


66 


i5>» 


32 


^-. » 


— X 


i4 ^ 


100 


212 


65 i 


149 




»»f 


■^^ ^ 




99 


2IO-2 


64 


147-2 


2r^ 


•^■2 


^^ *'■ 


21-2 


98 


2o8-4 


63 


, U5-4 


Zb 


?2-4 


# 


I>X 


97 


206-6 


62 


1436 


2: 


S>6 


-fc" 


37-'-' 


96 


mi.8 


61 


141-8 


26 


75^^ 


— 9 

— 13 


1;: s 

14 


95 


203 


60 


140 


25 








94 


20I-2 


5? 


I3&-2 


24 


752 






93 


199-4 


58 


136-4 


23 


73-4 






92 


1976 


57 


134-6 


22 


71-6 






91 


1958 


56 


1328 


21 


69S 






90 


194 


55 


131 


20 


6S 






b'9 


192-2 


54 


129-2 


19 


6o-2 






88 


190.4 


53 


127.4 


iS 


644 






87 


1886 


52 


125.6 


17 


626 






86 


186.8 


51 


123-8 


16 


608 
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APPENDIX B. 



Table of Elements. 



ElemenU. 


Sym- 
bol. 

Al 


Atomic 
Weight. 


Eliir.cnijt. 


1 

1 S)m- 

' bol. 

i 


Atomi: 
Weight. 


Aluminium 


27'0 


i 
Molybdenum 


Mo 


95-5 


Antimony (Stibium) 


Sb 


120-0 


Nitrogen 


•N 


I4'0 


Arsenic 


As 


75.0 


Niekel 


M 


58.6 


Barium 


Ba 


I37-0 


Niobium 


Nb 


94.0 


Beryllium 


Be 


9.0 


1 Osmium ... 


Os 


190.8 


l^ismuth 


Bi 


208.2 


Oxygen 





i6-o 


Boron 


B 


ii»o 


Palladiunri... 


; Pd 


105.7 


Bromine 


Br 


80.0 


Phosphorus 


1 ^ 


31-0 


Cadmium ... 


Cd 


1 1 2-0 


Platinum 


Pt 


194.4 


Coesium 


Cs 


I33-0 


Potasnium (Kaliuni) 


K 


39-0 


Calcium 


Ca 


40-0 


Rhodium 


Rh 


104.0 


Carbon 


C 


I2'0 


Rubidium 


Kb 


85-3 


Cerium 


Ce 


140-5 


Scandium 


So 


44.0 


Chromium 


Cr 


52-0 


1 Selenium 


So 


79.0 


Copper 


Cu 


63-2 


Silver (Argentum) 


Ag 


107.7 


Chlorine 


CI 


35-5 


Silicon 


Si 


28*2 


Cobilt 


Co 


58.6 


: Sodium (Natrium) 


Na 


230 


Didymium 


Di 


1425 


; Strontium 


Sr 


87-5 


Erbium 


Er 


165-9 


Sulphur 


S 


32.0 


Fluorine 


F 


190 


Tantalum 


Ta 


182*0 


Gallium 


Ga 


68-8 


Tellurium... 


Te 


127-6 


Gold (Aurum) 


Au 


I96'0 


Thallium 


Tl 


204-0 


Hydrogen 


H 


i.o 


Thorium 


Th 


233-4 


Indium 


In 


1 13-4 


Tin (Stannum) ... 


Sn 


1 18-0 


Iodine 


I 


1270 


; Titanium 


Ti 


48-0 


Iridium 


Ir 


1925 


; Tungsten (Wolfram) 


W 


184-0 


Iron (Ferrum) 


Fe 


56.0 


1 Uranium 


U 


2365 


Lanthanum 


La 


138-5 i 


Vanadium 


V 


513 


Lithium 


Li 


7-0 , 


Ytterbium 


Yb 


172-8 


Lead (Plumbum)... 


Pb 


206.5 , 


j Yttrium 


Y i 


898 


Magnesium 


Mg 


24-4 


i Zinc 


Zn ' 


65-3 


Manganese 


Mn 


55.0 


' Zirconium 


Zr i 


90.0 


Mercury (Hydrar- 


Hg 


200.0 




i 

1 




gyrum) 








i 
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APPENDIX C. 

Weights and Measures. 

British Avoirdupois Weights, Metric Weights. 

16 Drachms =1 Ounce (oz.) = 28*35 Grams. 

16 Ounces =1 Pound (lb.) = 0*453 Kilogram>+ 

112 Pounds =1 Hundredweight (cwt. )= 50*802 ,, 

20 HuQdredweight=i Ton =1016048 ,, 

t A Kilogram is commonly called a " kilo." 

Metric Weights. Brituh Avoiniupois Weight s. 

"lOOO Milligrams = i Cram = 15*432 grains. 

1000 Grams = i Kilogram = 2*2046 lbs. 



British Long Measure, 




Metric Measure. 


I Inch 
12 Inches — i Foot 
3 Feet = I Yard 
1760 Yards = I Mile 


*^^» 


0*0254 metres. 
03048 „ 

0*9144 

1*609315 kilometres. 


Metric Long Measure. 




British Measure. 


icoo Millime'rts = I Metre 
1000 Metres = I Kilometre 


= 39*37079 inches. 
= 0*62138 mile. 


British Mtasures of Capacity, 
I Pint 
8 Pints = I Gallon 


= 


Metric Measures' 
= 0*5679 litres. 
454348 „ 



Metric Measures of Capacity. British Measure. 

I Millitre or cubic centimetre — 0*0352 fluid oz. 

loco Millitres or cubic centimetres = i Litre = 0*220096 gallon. 

British Cubic Measures. Metric Measuns. 

I Cubic inch = 16*386 cubic centimetres. 

1728 Cubic inches = i Cubic foot = 28*3153 litres. 

Acetylene Burners. 

Many of the acetylene burners used in England are 

manufactured on the Continent, and have stamped upon 

them a figure which represents the volume of gas which 

the burner is intended to pass per hour. These figures 

represent the volume in litres, and the following table shows 

the corresponding volume in cubic feet : — 

10 Litres = 0*353 cubic feet. 

15 » = 0*529 

20 ,, == 0*706 M 

28 „ =^ 0*989 



M 
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APPEN- 
The following table from the " NottficatioQ " of the 
the observed volumes of gases. The height of the barometer 
is 60*" F. To correct the observed volume of any gas to 
by the tabular number. For example, if when the volume 
temperature of the gas is 70° F,, the observed volume of 
©■98o. If the observed volume under the conditions men- 
temperature and pressure would be only (5-0 x 0980) 4'90 
vojiimi; nf a<:ptylene, mal gas, nr any other gas. 
TABULAR NUMBERS, being a table to facimtat. 

DiKFERENT Temperatures and under 

64* 68" 68" 



S 



1 



*»* The numbers in the above table have been calca- 
the barometer in \ac\ies, 1 \.\ve tem-^eTiiWi^e ov. 'fe.^^a.tf^'j.iMit 
vo/ume at t" apd h inches pi^saTt, 4^4N to^ •iQ-v^<s«yra 
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Metropolitan Gas Referees is exceedingly usefu) for correcting 
adopted as a standard is 30 inches, and the standard temperature 
standard temperature and pressure it is necessary to multiply it 
ofgas is measured the barometer stands at 30*3 inches, and the 
gas must be multiplied by the correspoDding tabular number 
' tioned were 50 cubic feet, the volume corrected to standard 
cubic feet This table may be used for the correction e^f the 



Bar. 


her. 
62- 


64- 


86- 1 88- 


70 72- 74- ; 7V 


78- 1 80- BZ' 1 84- 


SB-0 
S8'6 
29-0 

ll 

E9-4 

irs 
11 

I! 
11 

30-9 
31-0 


■43" 
■■M4 

1 

i 

■i 


■93S 

i 

■■9S6 

•% 

■983 

■«<■ 

'1! 


B 

■sis 

i 

.96B 

ii 

■95. 

:S 
:| 

..OS 


■9a> 
.936 

■946 
■«« 

i 

■979 
.996 

-«4 

;:a 

1.009 


.50J 
-**? 

.9*4 

3; 

1.004 

..Q07 


.909 

■95= 

i 


-B9J 

.900 

■94'= 

.950 

i 
Ii 

1 

.956 


1 

.9,B 
.5-J5 

'■lit 

■W> 
■954 

1 

-974 

1 


■a,,, 

:S 

-9«) 

3 

3 

■9>9 
.936 

■**9 

1 

■5«5 


s 

.B97 
.901 

.910 

-9« 
-913 
.9,7 

.930 

■943 
■946 

1 

:S 


St 

:ffi 
1 

■908 

.911 

s 

.914 

■9"7 
-9io 

i 

\Z 


% 

-B80 

■B93 
.BB6 

:K 
:g 

.911 

■9'i 

i 
f 

i 

•«64 
■96, 



latcd from the formula n 



460 + / 

sca(e, and a the tension of aqueous vapour «♦ ' 's an; 

ing volume at do" and 30 inches presSMT* '^^ 
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APPENDIX E. 

Melting Points of Mlials. 

To ascertain whether an excessive temperature is attained 
in an acetylene generator it is usual to bury wires of pure 
or alloyed metals of low melting point in the carbide to be 
decomposed, and to examine the lime residue after the 
whole of the charge of carbide has been decomp>osed. If 
the wires are found to have undergone fusion, conclusive 
evidence is obtained that an excessive temperature has 
been attained during the period of decomposition. The 
following table shows the melting point of the most common 
metals and of some readily fusible alloys : — 



metals. 



Afiiali, 

Tin 

Bismuth ... 
Cadmiiun ... 
Lead ... ... 

Zinc • 

Antimony ••• 
Aluminittm 

Silver 

Copper 
Iron, cast ... 

,, steel ... 

„ wrought 

Gold 

Nickel 

Platinum ... 



iitUing Point, 
... a35» C. 

.. a7o' tf 
... 320* „ 

••• 330 »i 
... 4ia» „ 

... 4*5* >» 
••• 700 »• 
... 1000° „ 
... X050** „ 
... 1050 — 1200 C. 
... 1300—1400* „ 

... 1500 — XOOO* „ 

... xa5o*»C 

... xsoo— i6oo* „ 

... a6oo*C. 



FUSIBLE ALLOYS, 

! Bismuth... 38*4% 
L^d . ::: 
Cadmium 
Bismuth... 
Tin 
Lead 

(Bismuth... 
Tin 
Lead 

Bismuth... 33*3^' 
Tin ... 33 3 „ 
Lead ...33'3t». 
Tin ... 667 % 
Lead ... 33*3.f. 

ISd ::; VilV^^ 



308 „ f 

15*4 ..; 

■} 

50%) 
3« »»/ 



JS'C. 



9a' C. 



9S'C. 



taa'IC. 
X7i*C. 



INDEX. 



>» 
f » 
f » 
f } 
t» 

If 
»» 



FACE 

Acetylene, actinic value ... 190 
burners 211, 213, 235 
combustion ... 210 

combustion products 190 
compared with coal 

£[as ••• 
compressed 

cost of 

cycle lamps 

detonation 

endothermidty .. 
eiplosibility 
fire insurance 
flames under differ 

ent pressures .. 

generation 

generators _,_^ 

' heating appliances 216 
heating power ... 189 
illuminating power 188 
incandescent burners 214 
in porous substances 224 
lamps for building 

works 219 

laws and regulations 222 

licences 225 

omnibus lamps ... 218 
pipes and fittings ... 215 
portable applianc es 216 
projector for ... 220 

jMToperties 186 

signal lights ... 220 
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99 
99 

»• 

99 
99 
99 
99 
»» 
99 
9» 
9* 

99 
99 
»9 
99 
9» 
»» 
•> 
99 



188 
224 

193 
219 

187 
187 
187 
230 

211 
191 
194 



PAf.l 

Acetylene street lamps ... 217 

„ with air 225 

,, with oil-gas ... 224 
Air admitted to incandescent 

burners 112 

Air mixed with gas 25 

„ required for acetylene ... 210 

,, „ „ coal-gas ... 112 

Air-gas ... ... ..• .•• $3 

Albo-carbon light ... .. 97 

Ammonia in gas 171 

Anti-vibration devices ... 116 

Argand Inimers 88 

Ascension pire!> 16 

Ash-i>acs 14 



B 

Barracks, illumination c f 
Bath water-heaters 
Patsvking burners 

Benzol 

Bisulphide of caibon ... 
Blue Billy 
Boilers ... 
Bramwell, F. ... 
Bray burners ... 



• • • 



• • • 



• • • 



Bridge pipes 
•• British Pui 



... 



... 



ure " generator 



96 
140 

79 

54 
61 

24 
142 

52 
80, 211 
16 
201 
106 



Bunte, ur, ••• *«" 

Butterfield, W. J. A. 46, 54i S^i 9^ 
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INDEX. 



99 
tl 
»» 
ft 



tt 

It 

»• 



FACB 

(?alcliim Carbide 178 

ingot ... 183 

ran 184 

storage ... 223 

transport ... 223 

Carbon bisulphide 61 

Carbon monoxide 42, 46, 47, 49 
Carburetted water gas 3, 8, 38, 44, 46 

Carburine 54 

Chatelier, Le 154 

Chimneyless burners 1 1 1 

Chimneys ... ••• ... 126 

Clarke's bypass burner ... 1 1 1 

Clinker 15 

Clowes, Dr. Frank 

153. 154, 155, 156 



Coal, yield of gas from' 

V^UKC ••• ... ... 

Collodion mantles 
Colman, Dr. H. 
Comparison of burners 
Compressing apparatus 
Concessions to consumers 
Condensing stoves 
Condensers 



8 
8 
104 

47 

96 

116 

173 

134 

17 



De Lery tassels 105 

De Mare fringe 105 

Oellwik- Fleischer process ... 40 
Detecting inflammable gas in air, 

153 
Dibdin, W.J 164 

I3ip pipes 16 

Distribution of gas ... ... 33 

Donkin, Bryan 145 



Kconomisers 82 

bllectric arc 179 

•* furnaces 181 

city supplied \yj ^as 
'Dies '^M 



Elements ... ••• 

Elevation, effect upon gas 

pressure ... 74 

Energy lost in generating light 
Engines ... ... ••• 

Exhausters ... ... ••• 

Explosive mixtures 153^ 



Fahnehjelm comb 
Falk, Stadelmann, & Co. 

Fishtail burners 
Flame temperature ... 
Flat-flame burners 
Fletcher, T. ... 97, 135^ 

Flues i34»'3i 

Foul main tS 

Foulis, W 106 

Fuel for gas fires 131 



... I^j 
... U 
••• 
107.11 

79, ml 

;>i4i 



Gas, 
»f 

»» 
If 
»i 
i» 
)* 
>» 

}) 

>• 
>} 
It 
it 
>> 
i» 
If 



composition of acetylene 186 
carburetted 



f f 

ft 

»f 
ft . 
f f 
ff 
»f 
ff 

ft 

f f 

ff 



e^onom^ers 

engines 

examiners 

fi''e fuel 

fires 

^e^^^ix^ 



water-gas 46 
„ coal-gas... 49 
„ De]lwikgas42 
„ Dowsongas 49 
,, Mond gas 49 
„ natural gas 49 
„ oil-gas ... 53 
9, producer- 
gas 39, 42 
,9 Siemens 

gas ... 49 
„ Dowsongas 49 
,, water-gas 49 

... ... o2 

... 144, 174 
... 162 

133 

129, 173 
... 147 
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INDEX. 



PAGB 

Local authorities, gaswoiks 
owned by ... ... ... 2 

Local authorities, acetylene and 

carbide licences 223, 225 

Location of generators .. 205 

London Corporation .. 162, 230 
London County Council 4, 162, 

163, 225 
Luminosity of mantles ... loi 
Luminous flames 78 






19 
If 



M 

Mains, district 

foul ... 
hydraulic 

Mallard 

Mantles, manufacture of 

„ temperature of 
Metals, melting points 
Meter reading 

Meter testing 

Meters, consumers' 62, 66, 

)( ciry ... ... 

,, prepayment ... 

,, station 

f f WC I ... • • . 

Moncrieff, Major Scott- 
Mond gas ... 39, 47, 
Murdoch, W 

N 

Naphey acetylene burner 
Natural gas, in England 
,, II in America 
Non-luminous by-pass 



Odour from gas stoves 
Official gas examiners 
Otto cycle 



T>A0Mcs governors 



..• 33 
... 16 

... 16 

. 154 

... 103 

... 112 

... 238 

... 175 
... 66 

69, 175 

... 65 

6,62 

... 27 

63, 64 

... 93 
... I, 7 



212 

2 

2 

III 



... 138 
... 162 
... 146 



Peebles process 

Pen tane lamp 

Petroleum spirit 

Phos burner 

Phos omnibus lamp 

Photometer, bar 

„ table ... 166, 

Pink mantles 

Pintsch*s oil-gas 

Pipes, flow of gas through ... 

,, Bwrvicc ... ... ... 

„ supply ... 33, 69, 70,ia^ 

Pope's oil-gas 5*^ 

Power gas 3f39i4i 

Prepayment meters lU. 

Pressure for acetylene ... tW, 

If gauges ... 75,76 
„ . of gas, 

4, 71, 74, 131, 170 
Producer-gas ... .. 39,48 

Protective coats for carbide ... 184 

Piussian blue 60 

Purification of acetylene ... 208 
„ „ coal-gas ... 17 



R 

Reading the meter 
Redwood. Dr. Boverton 
Reflecting stoves 

Reflectors 

Regenerative burners.. 
„ furnaces 

Ring burners 

Retort carbon 

,, charging 

,, heating 

,, settings 

Retorts 

Run carbide . . . 



... 17s 
155. 156 

- \i 

(I. •*" 
91.94 
... 13 
... 174 
... 15 
... 14 
... 13 
... 13 

9. 10, II," 
184 



Schott, Dr. ... 
Scott- Moncrieff 
7^ \ ?>coVX.-^wfi\\\^nv^ 



... 124 

... 93 
... \\<i 



